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Summary 

riic iiLiKiictH pjoiHMljcs of Kotonia Dj.slntl \vi*u‘ investigated Inferen- 
t es \\<-i(* (Iniwn froni analyses of geophysical observations in relation to geo- 
logu.il striKtui(‘s tonirolling Kotoiua depression riie subsidence-theory 
ol the origin of Lake Uotorua is supported I’he existtsice of a fundamental 
l.mlt Iraitnie between WhakarewaieAva and Ohineniutu is inferred and the 
cNtension of the sinuous Horohoio fault northwatd suggested. Resistivity 
and spontaneous polarization measurements are discussed I'he use of 
thermal mud in the construction of acid -resist mg pipes is suggested, and an 
im])iovecl method fot the utili/ation of natural lieat recorded. 

JNTR()I»r( TION 

Tiih siirtai'c tlicnnal activity at Rotorua is due to a deep-vSoated source 
bevond visual observation. Wlien the elucidation of its origin was 
attempted in the jiast, inferenees had to he drawn from qualitative and 
qnantitati\'e analyses of thermal springs. Similiar inferences from the 
analyses of geo|)liysical data in relation to structures fundamentally 
controlling the Rotorua depreussion are presented in this paper. 

Magnetic and electric methods were applied to this study. The area 
selc‘ctc*d is situated to the east and south of Lake Rotorua, and covers 
a|)pro\imately sixteen square miles, most of it being occupied by Pleis- 
tocene lake iH'ds, completely screening structural features below. Prior 
to this investigation, \V. M. Jones (1) observed the vertical magnetic 
field in tlu* Ohinernutu-l^otorua Area and C. N. Watson-Munro (2) at 
Whakarewarewa and Tikitere. 

The recorded history of thermal activit}’ at Rotorua is disjointed. 
Oliservations in the past were not continuous, and no basis w’as provided 
for comparison wuth present-day observations. The recent establishment 
of the Vulcanological Observatory will do mucli to rectify this omission. 
Atteni])ts to develop thermal resources have focussed attention on a 
great mainly undeveloped asset. 

The area so far investigated by geophysical means at Rotorua re- 
presents only a minor portion of the extensive thermal belt of New 
Zealand. This whole belt of countr}^ offers a wide field of investigation 
and is likely to rew’ard the effort with valuable scientific and economic 
data. 





2 


The N,Z. JornNAL of Science and Technology (July 


Magnetk' Observations 

The magnetic elements at Rotorua observed during 194;^ are as 
follows 

Vertical Force (Z) 50,103 gamma 
Horizontal Force (H) 25,181 gamma 
Total Force (F) 56,107 gamma 
Declination (D) 16 26' E. 

Inclination (1) -61^^ 19' 

X component, along geographical meridian. 24,158 gamma 
Y component, perpendicular to geogra])hical meridian, 710 gamma 

The values for (H), (D) and (1) were snp])lied by the .Magnetic Oh 
servatory, Christchurch. I he observations were made on the Motutara 
(lolf Links at the (ieophysical Base (HI). It is a permanent base, 
anchored to the soil by a concrete slab and cojiper rod. The original 
base of F'arr and the one more recently used by Farkinscui and Baird 
arc in a rather magnetically-disturbed area. Jones has ])reviously 
pointed out their shortcomings. Subsidiary bases were also laid out. 
Of primary imiiortancc is the sub-base (B2) situat('d m Kmrau Park. 
Its observation in conjunction with those of the main bas(‘ jiennittt^d 
a close check on t]u‘ general performance of the instrument used. Its 
value is (Bl) -175 gamma correct to [ 5 gamma at a temperature of 
15®c. Of interest are the comparative values for the magnetic survev 
stations at Atiamuri, Tau[JO, Tokaaim and Tiirangi. Assuming Rotorua 
base value to be zero, the comjiarative values for Z are as follows : 
Atiamuri 827 gamma 

Taupo 1093 

Tokaanu 1044 

Turangi 1010 

The scale value of the instrument used was determiiu'd over .i [»eriod 
of tw'o years. Its average value wtis 26 gamma per scale division at a 
temperature of 15 'g. The temjierature ctH'flicient of the instrument 
was determined as 0.2 scale divisions j>er 1 c for the scale value c>f 
26 gamma. J.atitudinal corrections amounted to 13 gamma })er niih* 
south. Individual observations were corrected for temperature and 
diurnal variation, and reduced to the nr^rmal value of the locality, 
wdiich is taken as 49,904 gamma and corresponds w'ith the Zero valiu* 
of the magnetic map. The diurnal variation amounted to approxi 

mately 12-16 gamma ])er day. 

The Magnf/ik Map 

Field w^)rk was completed with the preparation of the magnetic 
map (Fig. 1). It covers an area of apjiroximately 16 scpiare miles and 
includes the town.ship of Rotorua. The magnetic observations are 
presented in the u.sual manner. Lines of equal intensity of the vertical 
magnetic force are drawn at intervals of 100 gamma, and closer where 
needed. The reduced magnetic map shows the departure from magnetic 
normality, and is therefore, a function of the surface and sub-surface 
distribution of magnetic material in this hicality. 

Elements that enter into the interpretation of observed magnetic 
values are the original magnetization of the igneous rocks, and the 
effect of chemical actions and vulcanic heat on the magnetic properties 
of ferro-magnetic minerals. The total magnetization results from two 
factors, namely the induced magnetization by the present earth -field 
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Fig. I 
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acting on material of a given susceptibility, and the remnant magneti- 
zation that the rock may have retained from a previous state of magne- 
tization. Several ways are open to the investigator to determine 
magnetic susceptibility. It can be inferred from published suscepti- 
bility measurements of similar rocks elsewhere, by measurements in the 
laboratory, or by determining the content of magnetite as volume per 
cent. Schlichter’s method of determining the volume per cent, of 
magnetite in geological specimens was attempted. Magnetite is the 
dominant magnetic mineral in igneous rock, and within reasonable limits, 
the magnetic i)roperty of a rock is propc^rtional to the volume per cent, 
of magnetite. When in a highly dis.scminatcd form, as it occurs in rocks, 
its effective susceptibility in the earth s magnetic field is api)ro.\imately 
I^()0,0(X). 10~« e.g.s. Accordingly the susceptibility of a rock can be 

estimated by multiplying this value by the volume per cent, of the dis- 
seminated magnetite. The magnetite content in volume })er cent, of 
Patetere ignimimte was determined in a low magnetic field and approxi- 
mate values were obtained that varied between 0.8 to 1 .8 v.p.c. rei)re- 
.senting a mean value of 1.3 v.p.c. rhe effective susceptibility would 
consequently be of the order of 3,900.10 ® e.g.s. and at Rotorua where 
the earth's field is of the order of 0.56 oersted the total magnetization 
is 3,900. 10 «. 0.56 + IP or 0.00218 j IP. The term for permanent 
magnetization (IJ^) is difficult to determine. Koenigsberger pointed 
out that owing to special circumstances some lavas liave permanent 
magnetization in exce.ss of induced. The .same may apply to ignimbrites, 
for instance, that were deposited at a temperature of approximately 
lOOO'^c. and consequently must have obtained their magnetization whih‘ 
cooling in a magnetic field that may have been different from the present. 

Watson-Munro (2) found the susceptibility of one sample of ignim- 
brite from Mamaku to be 9.5. 10 (in a field of approximately 600 gauss) 
which was only 5 per cent, lower than for a specimen of Ngongotaha 
(Patetere) rhyolite. He realized that the values would not be the same 
for the earth's field of less than 1 gauss but considered that the pro- 
jiortions of the susceptibilities of different rocks in othei fields higher 
than 6(K) gau.ss to be .sufficiently con.stant to ju.stify the a.s.sumpti()n that 
thc.se proportions could be used for comjiarisons in the earth's field. Tin* 
sheet rhyolitic material at Waihi and Waitekauri appeared to Jones (1) 
considerably less magnetic than this Mamaku sample, tliough the 
position is complicated there by the ande.sites which underlie or adjoin 
the rhyolite. His conclusion was supported by susceptibility measure- 
ments made at the Magnetic Observatory, Christchurch, in a field of 
ca. 30 gauss, as follows 

Tridymite rhyolite 0.7.10 ^ 

Wilsonite 0.8.10^ 

Tridymite rhyolite 0.3. lO"^ 

As these were made in fields of the order of 3{) gau.s.s, the corresponding 
values for the higher field of 600 gauss w'ould be even less. 

These values are all much less than that of Watson-Munro for the 
Mamaku ignlmbrite, even though the Wilsonite specimen contained 
fragments of andesite. The differences certainly call attention to the 
need for nmre detailed investigations of the variability of magnetic 
properties in the ignimbrites. Watson-Munro (2) found the domes 
of Ngongotaha and Haparangi to give vertical anomalies of up to 2000 
gammas. The writer observed in the Whakamaru area maximum values 
of 1,500 gammas- on similar rocks. 
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Measurements of susceptibility of sediments are even less satisfact^)ry 
than for the igneous rocks. Field observations indicate however the 
•existence of a wide susceptibility difference between the igneous rocks 
and the sediments at Rotorua, so that the inference that the magnetic 
observations were made on a non -magnetic medium resting on a magnetic 
medium is justified. Susceptibility measurements on geological speci- 
mens are essential to an analytical approach to the interpretation of 
magnetic data. Not before a geophysical laboratory is established 
will it be possible to attach to various rock members their appropriate 
magnetic significance. 

The already complex nature of the magnetic j>roperties at Rotorua 
is further complicated by thermal action on the ferro-magnetic minerals 
and by the effect of heat. From drilling information it can be shown 
that the thermal gradient to a depth of 2()0-^^>0 ft. is of the order of T c. 
for every two feet of depth in thermally active areas. At this rate the 
Curie Point would be reached at a depth of approximately 1,000 ft. and 
the rocks would become non -magnetic. The thermal chemical destruc- 
tion of magnetite would result in the formation of much less magnetic 
iron compounds. Chemical analyses of a few specimens of rocks at 
i'iotorua indicate in ignimbrite an average iron oxide content of 2.08 
per cent., Patetere rhyolite 1 .73 per cent, and Haparangi rhyolites 
'2.02 per cent. (Grange (4)). 

Interpretation of Magnetic Data 

( alculation of magnetic anomalies for simple geometric forms, such 
as ellipsoids of rotation, infinite cylinders and spheres are available and. 
although masses in nature are never spherical or cylindrical, surprisingl}' 
close estimates can be made on the ba.sis of this assumption. The 
Ohinemutu anomaly, isolated from the areal magnetic pattern lends itself 
to this method of interpretation. Areal anomalies are more difficult to 
interpret as the calculation of the shape and size of the magnetic mass 
from the measured observations is more complex. A semi -graphical 
method suggested by Haalck (3) appears practical. Although limited 
in its application it is valuable in conjunction with other geophysical 
metlujds. I he graphical jiart con.sists of a diagram representing a 
vertical section along a line of symmetr3L Each of the rectangles into 
which each graph is divided represents the vertical cross-section of a 
]>rism of infinite length at right angles to the plane of the section. Each 
cross-section of each prism is calculated to produce a predetermined 
gradient. By ])lotting a cross-section of an assumed structure and .super- 
imposing it on the graph, a number of squares are covered for a given 
position. The .squares are then counted and their algebraic sum multi- 
plied by the magnetic contrast will indicate the magnitude of the com- 
ponent. The magnetic contrast is the difference of susceptibility between 
the magnetic medium and its surrounding medium. The assumed pro- 
file is then altered till the theoretical and practical values agree. The 
section thus obtained for the areal anomah' at Rotorua w^as used as 
the ba.sis for further calculations (Fig. 2). 

Tlie Ohinemutu anomaly (Fig. 1) forms an isolated unit within the 
areal magnetic pattern. The negative anomalies form its western 
flank, while to the east it merges with the areal magnetic contours. The 
surface outcrops on Hospital Hill are not of material which would account 
for the magnetic anomaly. A specimen obtained from Hospital Hill 
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was studied by C. (). Hutton, who was unable to determine its original 
nature owing to the advanced state of thermal decomposition and sub- 
sequent opalization. Owing to the presence of curious lenticular patches 
in the opal mesostasis, it is j)ossiblc that these patches represent original 
])umice material. The rock specimen could almost be regarded as 
non-magnetic, as only 0.5 volume per cent, of magnetic material was 
separated in a strong magnetic field. Jones (1) however found what 
appeared to be decomposed spherulitic rhyolite in a cutting in l^angiuru 
Street, and attributes the anomaly to a small dome of rhy(»lite, much 
of it ])erhaps still hot and under-going thermal alteration. 

Thv magnetic field from a vertical cylinder is similar to the anomaly 
observed at Ohinemutu. The upper surface of the pf)stulatcd cylinder 
has a radius of the order of 500 ft. and is at a depth of the order of 100 ft. 
or less. When substituting the geometric form for the magnetic body 
it is (‘xpedient to assume vertical magnetization and the replacement of 
\*olume magnetization ]>y surface magnetization of the uj)per and lower 
surfaces. A reasonably accurate approximation tf) the magnetic field 
of th(‘ assumed cylindrical form may be obtained by the use ot solid 
angles (5). A positive anomaly will be produced over the centre of the 
body, and its maximum is reached when the cylinder extends to infinite 
depth I'inite depth gives rise to negative values at pr>ints where the 
solid angh's subtended by the lowtT surface will be greater than by the 
upper disc. 

Only the western j)ortiou of the Ohinemutu anomaly was considered. 
I he recorded values of vertical anomaly for difftTent values of X, the 
distance from th(' centre of the anomaly towards the wTst are as 

follows 

1 ABf I* I 


I’Ol \ . . 


0 

f t . V 

350 gamma 

X 


400 

V ... 

300 

\ 


500 

.. V 

200 

\ 


700 

,, V 

100 

N 


1 ,050 

.. V ... 

0 

\; 


1,400 

.. V ... 

50 

\ . 

(See l''ig 3, { 111 ve 

UV) 

1 .(S0(» 

.. V 

100 

Assuming cylindrical dimensions, (K 500 

ft ) infinite vertical dcj)th 

(Zo infinite), depth 
calculated : 

below 

surface (Z, 100 ft.) the following values are 

Tablk ll 

Zi/R 0.2 


x/z, 


X 

V 

5,05 

0 


0 

500 gamma 

4.0 

4.1 


410 

400 

3.0 

4.8 


480 

300 

2.0 

5.3 


530 

200 

1,0 

0.1 


610 

I(K) 

0.5 

7.5 


750 


0.1 

10.3 


1,030 


0.03 

14.9 


1.490 



gamma 



8 


The N.Z. Journal of Science and Technology (July 


These results are plotted in Fig. 3, Curve B. They show a general 
resemblance to the recorded-value curve l^V. The absence of negative 
values in the calculated column is due to the assumption of infinite 
depth of the cylinder. Limiting the depth Zg, to 7vS0 ft., the following 
values are obtained for the lower surface of the cylinder : - 

Table III. 

ZgU l.S 



X/Zg 

X 

V 


1.5 

0 

0 

150 

^amina 

1.0 

0.8 

480 

100 

,, 
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50 

,, 
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3 



These values arc represented by curve (', Fig. 3. When subtracted 
from Curve B, the resultant curve BC is obtained. It is in closer agree- 
ment with curve RV than is curve B, and differs appreciably only in the 
position and extent of negative values. The gradient of the ohserved 
values is less steep between X ~ SOO ft. and X 1000 ft. This is 
probably due to the fact that the magnetic body is not of ideal cylin- 
drical form as assumed, but most probably broader in the base and of 
conical shape wdth steep slopes. Cylindrical slabs resting on each other 
and increasing in diameter with depth will approximate the magnetic 
effect of a magnetic cone. The calculation of this assumed shape was 
also undertaken. A cylinder at a depth, Zj, 1 (K) ft. from the surface, 
and of radius of 500 ft. was assumed to have a thickness of 2 (K) ft. 
The lower plane of this cylinder is therefore 300 ft. from the surface 
(Zg 300 ft.). This cylinder is assumed to rest on a cylinder with a radius 
kg of 900 ft. and with its lower surface 700 ft. from the surface (Z 3 700 ft. ). 
The magnetic effects of each upper and lower surface of the cylinder were 
calculated and the resulting values determined and the resulting com- 
bination is shown by curve BCD (Fig. 3). A very close agreement exists 
between the curves B('D and KV, although the calculated negative 
values arc le.ss than the recorded ones. This is probably due to the 
magnetic influence of magnetic material situated further to the west 
that could not be taken into account in this calculation. This procedure 
could be repeated until an even closer agreement betw^cen observed and 
calculated values is reached. To use such refinements at this stage 
would be inconsistent with the limited knowledge of magnetic suscept- 
ibilities and susceptibility contrast. 

The geological interpretation of the observed magnetic anomaly at 
Ohinemutu is governed by the pattern of the anomaly, which can be 
explained only by p)ostulating a body of material having greater magnetic 
susceptibility than the surrounding lake beds. Its approximate dimen- 
sion would be of an order of 1 ,()(K) ft. near the surface and 2 , 0 (K) ft. at its 
base where it may merge into the main rock mass. Haparangi rhyolites, 
which are surface features in the vicinity of Ohinemutu, namely at 
Kawaha Point, Mokoia Island, and Owhata, appear to satisfy the above 
conditions and their responsibility for the magnetic anomaly appears 
not unreasonable. Jones suggested in his paper that the flanks of the 
rhyolite at Ohinemutu are not yet cooled and are thus responsible for 
part of the thermal activity. C)n the other hand it may be pointed out 
that similar masses of rhyolite at Owhata and Owhatea give no indi- 
cations of being still hot. The present survey favours the assumption 
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that the rhyolitic protrusion at Ohinemutu is genetically connected with 
a major fault fracture extending from Whakarewarewa through Ohine- 
mutu to and probably beyond Mokoia Island. Hy providing passage 
for ascending magnetic volatiles along its fissures and shrinkage ^joints 
it thereby a.ssumes the role of an active focal point of thermal activity. 

The same argument applies to the Whakarewarewa anomaly which 
finds its surface expression in Pohaturoa. Also Pohaturoa is here only 
an apparent focal point of thermal activity, not its origin. 
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From the wider distribution of the magnetic values a more com- 
prehensive picture of the subsurface relief is obtainable. The uniform 
trends of the magnetic anomaly lines indicate a more regional origin. 
The iso-anomaly lines strike slightly to the west of north. Local 
anomalies find prominence only in isolated localities such as Ohinemutu, 
Owhata, Owhatea and Pohaturoa. The magnetic effects here are due 
tt) high relief of magnetic material on the regional magnetic sheet, and 
genetically they are associated with protrusions of viscous rhyolitic 
magma. The Owhata and Owhatea anomalies are associated with 
Pleistocene Haparangi rhyolites, and Pohaturoa with Patetere rhyolites. 
The association of the Ohinemutu anomaly with a l>ody of Haparangi 
rhyolite is probable from the discussion above. It is more difficult to 
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identify the regional magnetic medium. Patetcre ignimbrite, which 
is the lowest member in the sequence of rock formations, may be overlain 
or intruded by Patetere rhyolites as well as by more recent Haparangi 
rhyolites, (irange (4) considered that most of the Haparangi rhyolites 
are younger than the lake-beds. If his evidence is accepted, the choice 
for the underlying medium narrows to a complex rhyolite -ignimbrite 
sheet. The magnetic values increase generally to west and east from 
Rotorua and culminate as a broad feature against the exposed Patetere 
ignimbrite in both directions. This suggests that the ignimbrite is main- 
ly responsible for the magnetic effect, although locally the strongly mag- 
netized dome-rhyolites are an additional cause. A magnetic cross-section 
in the area has been considered by the same method of solid angles. The 
section is assumed to consist of successive vertical cylinders with vertical 
polarizatior\ and extending to infinite depth. The radius of each cylin- 
der was assumed to be 5()0 ft. and points of reference on the surface were 
selected at intervals of l.(K)() ft. The maximum magnetic value was 
determined for each cylinder for the reference point X 0, X denoting 
the distance from the axis of the cylinder. The magnetic values of one 
cylinder on each side were also calculated and added. As the radius 
R of each cylinder and its vertical dimensions were kept constant, and 
Zg, remained infinite, Z^, the depth to the ujiper surface of the cylinder 
remained the only \ariable. Z^, in the ratio Zj/R, was varied till the 
product of solid angle and magnetization fell close to the recorded 
value. The volume per cent, of magnetite was assumed to be 1 .3. 'Flu' 
susceptibility consequently determined is 3,9(M).1(P*, and the intensity 
of vertical magnetization therefore 0.<K)2. As the solid angles are a 
function of Z^/R and X, the total magnetic anomaly is a product of these 
solid angles and magnetization f. Z| can hv varied to fit the actual vanie 
recorded. Depth to the magnetic medium was determined accordingly 
but owing to the complex nature of magnetic elements entering into the 
interpretation the profile obtained should be regarded as indicative^ 
only (Fig. 2). 

It is interesting to note that most of the thermal activity is observed 
in the zone of low magnetic values, which cover a strip 1 mile wide and 3 
miles long. Hydrothermal actions may have destroyed the magnetism 
of the underlying rocks resulting in a complete cjuinge of magnetic 
properties. 

The average magnetic gradient along the jirofile section (J^ig. 2) is 
of the order of 130 gamma per 1,000 ft. liorizontiil distance bt'tween the 
points 3-12, over a range of 9,0(X) ft. It decreases to 25 gamma per 
thousand feet between tlie points 12-14 and is zero betw^een the points 
14-17. It rises again gradually towards point 20, steeply 20-21 and 
gradually towards point 25. 

The depression of the profile section to a greater depth than that 
shown between the points 12 and 19, appears an unlikely solution. It 
is more probable that the magnetic medium is discontinued at or near 
these points. With such abrupt discontinuation the anomalies to the 
west of point 12 arise from a cylinder centered at point 12. The cal- 
culated values of 40, 10, and 6 gamma for X 1,200, 2,400, and 3.6(K) ft., 
respectively, agree well with recorded values. The same argument 
applies to explain the magnetic values between the points 21 and 17. 
The cause of the discontinuity may be structural, or the loss of magnetic 
pr^erties through hydrothermal actions. The structural discontinuity 
might be in the nature of a fault or warp. 
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The zero and negative magnetic values are situated to the south-east, 
south and west of Ohinemutu. From directly west of Ohinemutu the 
0.50, and 100 gamma lines follow* for three miles north -south in a narrow 
pattern. In tlie north-wTst portion of the magnetic map, in the vicinity 
of Utuhina Stream, low values prevail, in consequence presumably of 
a shallow depression filled by lake beds, bounded further to the w’est by 
Ngongotaha and to the south by an extensive ignimbrite sheet. The 
narrow^ pattern of the 0, 25, 50, and 100 gamma anomaly-lines, and their 
general linear meridional trend suggest the existence of a fault-bounded 
ridge along the valley floor. It represents in all }>robability a pressure- 
induced fault scarp along wdiich the earth block to the east subsided. 
Associated with this movement would be a partial collapse of the floor 
and the development of fractures parallel to the direction of the main 
fault. 'Phis anomaly pattern extends from Whakarewarewa to Ohine- 
mutu. It probably represents the extension of the sinuous Horohoro 
Fault, and to the north may connect with the fault along the Kaituna 
valley. 

I'he alignment of hjcal points of thermal activity as well as of the 
young rhyolitic extrusions at Ohinemutu and Mokoia Island, may be 
<‘ited as additional geological evidence of this meridional trend and as 
an indication that the fault fracture served as a magmatic feeder-fissure 
for young Haparangi rhyolite extrusions in the past and for thermal 
activities at present. It is suggested that magmatic emanations ri&e 
along this fracture zone and give origin to the boiling springs at Whaka- 
rew'arewa, Ohinemutu and elsewhere, and in addition have heated the 
whole body of ground w^ater saturating the porous beds on w’hich the 
town of Rotorua is built. 

The circular outline of l.ake Rt)torua may be attributed to the exis- 
tence of a ba.sin -shaped depression, with roughly circular sub-.surface 
contours. The general north-south trend of the iso-anomaly lines 
how’ever, w^ould not suj)port this assumption. Fast of Rotorua they are 
considered to be the surface expression of an extensive sheet having a 
northerly strike and general westerly dip. This inclined plane w'as 
probably produced by vsinking of part of tlie ignimbrite sheet, and con- 
sequently Rotorua is occupying a drowned down-w’arp. This origin was 
advanced by Hochstettcr, Marshall and Cotton. Marshall revised his 
opinion and w^as supported’ by Park, to advance a theory of origin of 
Rotorua through volcanic cxplo.sion. (irange and his collaborators (4) 
believed that Rotorua occupies a structural basin in the ignimbrite, due 
to subsidence following volcanic activity. 

Resistivity Investigation 

It was the intention to investigate thoroughly electrical phenomena 
that were suspected to exist at Rotorua. Only a few* preliminary ob- 
servations were made, but these indicate that useful information may be 
obtained by electrical methods. The various chemical processes in the 
thermal area of Rotorua determine to a large extent the electrical 
properties of the geological bodies. Electro-chemical effects are likely 
to produce natur^ earth-currents in chemically polarized bodies, for 
example the Pleistocene Haparangi ryhoJites at Ohinemutu. Electric 
potentials are also created when solutions of different concentrations 
come into contact With each other or when solutions are forced through 
a porous medium. The current -conductivity throughout the geological 
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bodies at Rotorua and elsewhere depends almost entirely on the electric 
characteristics of the solutions they contain. The lake-beds, consisting 
of rhyolite, pumice, and sand, arc for all practical purposes non-con- 
ducting when dry. The electrolyte, however, may vary between the 
value for pure water, of the order of 30,000 Ohm -cm., and that of con- 
centrated solutions,' of 10 to 1(K) Ohm-cm. Comparison of analyses of 
waters from different sources with theoretical values show that the 
resistivity of waters, when less than 1,000 Ohm-cm. can be determined 
closely enough from their chlorine content alone. 

It was the intention to measure resistivities in an area saturated by 
acidic solutions, in one of alkaline characteristics, and in one of neutral 
composition. The localities selected for the jiresent studies include 
Motutara Golf Links (Fig. 4. curve 1 ). Postmaster Hath, (curve 2 and 3). 
and the area between the Lake shore and Ngapuni settlement (curve 4). 
The observed values are calculated to Ohm-ft, (Table IV). and are 
illustrated in Fig. 4. Resistance values are plotted against electrode 
separation. 

The interpretation of the resistivity curves can be attempted either 
empirically or on theoretical grounds, (iood de})th -determinations are 
possible if the various resistivity values are known. The a.ssumption 
that depth of penetration equals electrode separation is not always valid, 
but serves as a guide in the absence of better information. Hummel 
calculated the effect of simplified two-and three-layer problems and 
produced approximation curves of apparent resistivities that can bo used 
to advantage. From these it can be deduced whether the* shape of a 
curve indicates a two- or multilayer distribution. The shape of curve 1 
is distinctly different from that of the remaining curves. The surface 
resistivity is of the order of 26() Ohm-ft., and a minimum of 52 Ohm-ft. 
occurs at an electrode separation of 60 ft. The .surface re.sistivity in the 
remaining curves 2, 3, and 4 is 50 Ohm-ft which is also the lowest value. 
Comparing it wdth theoretical curves, it is apparent that curve 1 repre- 
sents a multi-layer problem wdiereas a two-layer problem is illustrated 
b}^ the remaining curves, ('ommon to all is a minimum resistivity of 
approximately 50 Ohm-ft. This value appears in curve 1 as a minimum 
at an electrode separation of 60 ft., and in the remaining curves as surface* 
resistivity. 'I'liis is not surprising as acidic waters are at or immediately 
below the surface in the localities where curves 2, 3, and 4 were observed. 
Curve 1 indicates that the low' resistivity medium at Motutara (iolf Links 
is overlain by a medium of a total resistance of 260 Ohm-ft. The geo- 
logical section at Motutara (iolf Links is known only to a depth of 
approximately 10 ft. It con.sists of one foot of soil, pumice indurated 
by silica solutions, and sinter beds. The ground water is at lake level, 
betw^een 8 and 10 ft. Probably sands and silts from the sequence below' 
this. This complex medium overlying the relatively good conducting 
medium is represented by the apparent surface resistivity value of 260 
Ohm-ft. The medium underlying the low' resistivity layer is uniformly 
high, at lea.st to the depth penetrated on profile curve 1. 

Curves 2 and 3 are almost identical. They were observed in the 
same locality and at right angles to each other. The resistivity gradient 
rises gradually between 0 and 100 ft. of electrode separation to a value 
of 100 Ohm-ft. It remains flat between the KM) and 150 ft. electrode 
separation. I'his is due to a conducting horizon, presumably a ].K>rous. 
layer, at that depth. Curve 4, observed half a mile away, shows a very 
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gentle resistivity gradient between 0 and 100 ft* separation, and remains 
constant between 150 and 200 ft. The resistivity characteristics of the 
curves 2, 3 and 4 are the same, hut the depths at which the conducting 
medium occurs arc somewhat different. The area between Ngapuni 
settlement and the lake shore is thermally active, and known for its 
occasional gas eruptions, which form craters up to 50 ft. in diameter. 
The kaolinization there is probably more intense and, as deducible from 
curve 4, it extends probably to a greater depth than the area of the 
Postmaster Bath. 

1'he lateral resistivity distribution was examined along two profile 
lines. The electrode separation remained constant at 100 ft. Both 
traverses were observed between the Postmaster Bath and Rotorua Race- 
course. The resistivity values on traverse 5 indicate no lateral resistivity 
contrast of consequence. Conditions are apparentlj^ uniform for a 100 ft. 
(‘lectrode separation over the observed distance. Traverse 6, observed 
at an angle to traverse 5, has the same characteristic. 


Tahij*: JV. Kjisistivity Ohskrvations 


\ I'lxpandinK Traverses 

l.(Mati(>n Motutara (Volf Links I 

ikwtiTiaster Ikilh 2 and 3 

Ngapuni 4 


Electrode 

Observed lesistance R 

set>aintion 


Traverses 

(ft ) 

1 

2 

3 

5 

6.5 

1 .6 

1 .6 

10 

2.77 

0.8 

0.72 

20 

0.77 



2S 


0.365 

0.32 

30 

0.42 



40 ! 

0.23 



SO I 


0.205 

0.195 ; 

HO • 

(L14 

j 1 


75 i 



i 

80 ! 

0.118 

i 

1 

100 ! 


> 0.16 ] 

0.17 ' 

150 1 

0.132 

0,12 

0.115 ' 

200 ; 

1 

0.107 

0 . 107 ! 

250 1 

0.12 1 


i 




.\])parent re.sistivities 



in 

Ohm-ft. 


4 

1 

: *2 

' 3 1 

4 

1 .3 

204 

' 50 

: 50 : 

41 

0.8 

174 

50 

I 45 , 

50 

0.46 i 

97 

‘ 57 

1 

50 i 

57 

0.27 

80 


, ! 

50 


58 




0.21 


i 64 

: 1 

66 

0.14 

59 

i 

I 

66 

O.U 


100 

106 i 

69 

0.12 j 

1 124 

: 113 

108 : 

113 

0.09 i 


> 134 

1 134 1 

113 


199 i 


IL lUoolrodt; sqiaralion constant at 1(K) ft. 
Location • Postmaster Hath. 


Observation 

Station 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Observed resistance K 
'I'ra verse 


5 

1 ^ 

0.126 

0.132 

0.127 

0,129 

0.129 

0.128 

0.119 

0.111 

0.135 

0.129 

0.14 

0.111 

0.145 

0.13 

0.14 


0.143 


0.123 



Apparent resistivities in 
Ohm-ft I ra verse 


5 

6 

79 

83 

79 

81 

81 

80 

74 

69 

84 

81 

88 

69 

91 

82 

88 


89 


77 
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Additional observations at varying electrode intervals would jH'nnit 
the drawing of a resistivity map, which may disclose valuable information 
concerning the lateral and vertical distribution of geologically important 
thermal factors. 


Spontaneous Polarization Tests 

This work was ex])erimcntal in character and was undertaken in the 
area situated between the Postmaster Bath and Lake Rotorua. Fhe 
successful application of this method is dependent on active electro- 
chemical phenomena. Strong gas discharges of sulphuretted hydrogen 
are typical in the area of interest. The hydrogen sulphide in tins acid 
or sulphide type of ground is most probably of magnetic origin. Its 
oxidation both to sulphur and sulphuric acid are well knowm, and the 
acidity of the thermal water is accordingly explained. Under the 
circumstances the most active oxidation will take place at and above 
the level of groundwater, and the resultant electro-chemical conditions 
wtII produce zones of polarity. These zones are characterized by negative 
polarization ; to determine its maximum and location is the main object. 
Although the application of this method is simple, attention to details 
is necessary, especially in the construction of non -polarizable electrodes. 
To apply a check on their performance it is advisable to interchange the 
rear atid front electrode at each point of observation. Differences 
between the electrodes amounting to 20 mv. w^ere recorded, although 
the general discrepancy was more constant and of the. order of 10 mv. 

No potential profile was drawn from the observed values, as the 
work was purely of an experimental nature, and insufficient evidence 
is available for a correct interpretation of the observed values, which 
varied between 0.6 and 0.7 mv, per foot. Two negative centres which 
appeared to be associated with slight sulphur mounds were indicated. 
The course of an equipotential line was also traced. Its general shape 
w^as elliptical. Although the information available is scanty, it is 
sufficiently promising to encourage additional work. All electric 
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Table VI. Composition of Bore Waters and Kuirau Lake (p.p m.) 



Dominion Lalxiratory Heixirts K288B/1-2 and 1-224/1-4 



Bore : 





Kuirau 


1 . 

2 

3 

4. 

5 

Lake 

•Na 

453 

467 

483 



(S09 

542 

339 

K 

8.7 

10.3 

17 

43 

22 

34 

Kb 

.2 

.1 

.5 

.6 

.3 

.5 

l.i 

4.0 

2.0 

2.5 

3 

4 

3 

Cs 

.02 

.04 

.2 

0 

2 

2 

NH 4 

nil 

ml 

trace 

trace 

trace 

t rate 

A1 

2.1 

2.4 

4 

1.2 

1 .4 

. 5 

Ca 

2.00 

2.36 

1 

2 

2 

2 

Mg 

trace 

trace 

.4 

.9 

.5 

.3 

.\s 

nil 

nil 

nil 

trace 

ml 

1 ml 

Cl 

472 

507 

489 

599 

561 

! 348 

Br 

i .6 

2.00 

1 

2 : 

: 2 

2 

tHCO« 

j 409 

373 

454 

653 1 

1 518 

270 

S()4 

! 41.3 

40.8 

33.3 

35.1 1 

1 33.2 

97.2 

IfaSK), 

279 ' 

317 1 

, 268 

397 1 

304 

443 

HB ()2 

21.9 ! 

19.7 1 

1 22.1 

[ 29.3 

28.5 

I 30 . 6 

H^S 

100 i 

62 : 

90 ! 

98 1 

105 

1 2 

Fe 

.87 1 

.87 , 

1 

! 



'I'otal Solids 


1 

! 

i 

1 



Summation 



1772 j 

2375 1 

2019 

1570 

Weighed at 

i 

1 

1 

1 



100 '^c. 

1508 1 

1576 1 

' 





♦ Na by difference to balance cations and anions. 

I HCO,, Calculated by difference to balance positive and lu^gativc ions 

The well waters differ in mineralization, but are all of the same ty])e. 
The waters arc similar in type to a sample from the Rachel Spring, examined 
in 1912 for the (government Balneologist ( 6 ) 

The Kuirau Bake water is of similar type but more nearly neutral than 
the well waters which are well on the alkaline side 


investigations have a common economic aspect which was not lost sight 
of. Corrosion of metal and concrete pipes is often due to natural or 
induced earth -currents, not confined to thermal regions. The problem 
is more acute, however, at Rotorua. 


Hot Watp:r Supplies 

The hot water supply for the Blue and Ward Bath, situated in the 
Government Gardens at Rotorua, came originally from a boiling pool 
situated at the edge of Roto-a-tamaheke at Whakarewarewa. This 
pool, together with neighbouring jkioIs, receded, owing to a sub-surface 
drainage re-adjustment, and the water supply ceased suddenly. The 
writer was present when part of the pools situated in front of the Spout 
Baths collapsed. The thin crustal sinter shell at the surface remained, 
while the underlying grey soft mud followed in the wake of the receding 
water. Air, rising to the surface, fonned bizarre shapes of mud -flowers 
and funnels. 

The Rachel Pool in front of the Blue Bath remained the only source 
of hot water, but could not be relied upon to supply all the hot water 
required. Alternative hot water sources were considered at Kuirau and 
Whakarewarewa, where it was intended to use the overflow of the Maggie 
Papakura Gey.ser. Urgency, however did not favour cither locality, and 
it was decided to obtain hot water by drilling. Three drilling sites 
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wore selected in the Tourist Department Yard, and two near the former 
cooling chambers, which were ultimately conv^erted into storage bins 
for hot water. While Mr. A. Beale, P.W.D. Engineer, energetically 
directed the various engineering requirements, Mr. J. C. Brown of 
Rotorua undertook the drilling. Information concerning the various 
bore-holes, including composition of water is tabulated as far as possible 
in the Tables V and VI. However, other points of interest worthy of 
recording arose. When drilling Hole 1, a three inch galvanized pipe 
was used for casing. The action of the well, when in operation was 
vigorous, pulsating and continuous. It then settled down to an inter- 
mittent period, with spells lasting forty minutes, when it would re-start 
on it.s own accord in a vigorous manner. \\'ells 4 and 5, which were in 
the same yard, and only approximately 200 ft. from each other, showTd 
.similar signs of intt‘rmittent discharge. Well 1 had on the 22nd Novem- 
ber, 1944, a period of quiescence, lasting from 14. SI hours to 15.31 
hours. Well 5, on the same day, stopped from 8.31 hours to 13.25 
hours. Both wells repeated this daily whereas Well 4 stopped only 
every third day. All three wells, at that time, discharged through a 
21 in. pipe. These periods of quiescence were regarded as being due to 
exhaustion of the heat source, to which all three wells appeared to be 
related. The reduction of the discharge nozzle to 11 in. resulted in a 
c.ontinuous flow of hot water. There is, evidently, in this locality, a 
natural limit of supply which restricts automatically any excessive drain 
on the thermal resources at the depth from 200-300 ft. 



Fig. 5 

Pressure readings were taken on Well 1 on the 4th and 5th December. 
1944, and the results are shown in Table VII. and illustrated in Pig. 5. 
The measurements on the 4th were taken just after a period of quies- 
cence. The well reached its peak pressure on the 5th at 08.27 hours. 
Two months after the installation of Well 1, the ground surrounding it 
shook violently, and steam issued from cracks in the surface. The well 
was chilled by forcing cold water through the air sleeve with which it was 
fitted. It was found that this could be done without apparently affecting 
neighbouring wells. The period needed for the natural recover}" of the 
well was proportional to the amount of cold water used in chilling. 
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This is a measure that could be readily used in determining the ai)pr()xi“ 
mate heat capacity below. It was from these observations that the 
writer thought it possible to utilize a hot water well as a sink as w(‘II as 
a source. The practical api)lication of this is discn.ssed below. On one 
occasion the well became nearly uncontrollable when an uninvited hand 
turned the cooling water off. It rc-hcated itself and erupted violently. 
The eniption around the well was caused by corrosion, due to acid waters 
eating through the casing below the surface. This acidic layer was 
heated by conduction while the well was operating, thus accentuating 
corrosion of the pipe, allowing steam and water to escape at this depth. 
This .difficulty was overcome by inserting a 1 ^ in. pi})e and by grouting 
the space between it and the 3 in. casing. The writer suggested the use 
of thermal mud bound by sodium silicate as grout. By filling the space 
between the inner and outer casing with this grout, a heat-and -acid- 
resisting pipe could be formed. The procedure now adopted consist. s 
of using a 4 or 6 in. outer casing, and a 2 in. sleeve. The spac e between 
the two pipes is filled by grout. 


'J aRUl VIJ. I’KKSSURK < 

Date ot ol)servation.s : 

Olxserved bv I 


Time 

I F^res.siire 

. and min ). 

(Ib.). 

13.04 

25 

.05 

22 

.06 

154 

.07 

14 

.08 

12 i ! 

.09 

114 ; 

.10 

10 a i 

.15 

85 

.20 

n 

.25 

\ 7 

.30 

7 

.35 

6 J 

.40 

ej. 

.45 1 

6 i j 

.50 1 


. 55 I 

64 

64 

14.06 i 

.10 

Si 

81 

.20 

15.00 

8? 

.40 1 

' 5| 1 

16.20 1 

1 8 I 

17.25 I 

! 0 


)bservations Hork 1 
Kroni 4/12 44-5/12/44 


\V Jieale 


rime 

1 Messure 

(llr and min ) 

(lb). 

07.57 

0 

08.22 

Starting to blow 

08.22 

17 

08.27 

234 

08.28 

18 

08.29 

: 141 

08.30 

124 

10.15 

6 

10.40 i 

i 6 

11.20 

1 54 

12.40 

! Oft 

13.04 

! Starting to blow 

13.07 

17 

13.08 

25 

13.10 1 

194 


I Observations 
' continue as in 


jirevioii.s readings 


Rachel Pool was kept under constant observation while the drilling 
proceeded, and during later stages. Variation in its level could not be 
correlated with the amount of hot water used from the bores. Mr. 
Beale believes that a direct relation between Lake Rotorua water level 
and Rachel Pool level has been established. As it was intended to use 
Kuirau hot lake for the supply of hot water for the Blue and Ward 
Baths at a later date, the lake was kept under observation over a period 
extending from tlie 28th November, 1944 until 23rd July, 1945. The 
Lake fell 3 in. during that period while rainfall amounted to 35 in. The 
mean temperature was 168°f., the minimum recorded temperature being 
159°f., and the maximum 176®f. The Lake dropped considerably 
during 1946, reaching a point below the level of its natural outlet 



1948 ) Modkiniak — Gkophysical Investigation of Rotorua 


19 


Utilization of Natural Heat 

'Flu* most common form of extracting natural heat at I'iotorua con- 
sists in using tliermal water obtained by drilling, either directly in swim- 
ming pools or through calorifiers. A simple version of the latter was 
developed by th(‘ Tourist Department. It consists of a sleeve slightly 
bigger than the hot-water carrying pipe, welded to it at both ends. 
Town water is then circulated through the sleeve and is heated by con- 
vection. ('ornnion to both methods is the ultimate discharge of the 
thermal water into the existing sewerage. 'Fhis causes some appre- 
hension, as no provision was made for this additional volume of water, 
nor the possible destruction of pipes by acidic water. This could be 
successfully overcome by u.sing tw'o wells instead of one, the one to be 
used as a lieat source, and the other as a sink. The hot water of the 
producing well would be })iped along the area required, the pipes being 
fitted with sleeves where needed, and would discharge into the second 
hole. 'Fbe water discharged into this well would still be hot and would 
require fewer calories for its natural re-heating. The process would be 
continuous, economic with natural heat resources, and less likely to 
disturb the natural distribution of hot water. 

Rotorua offers the geophysicist a wide field of investigation. C‘on- 
tinuous magnetic observations may assist in the future in determining 
changes in the ('ondition of the underl5dng magma, gravimetric (d)ser- 
N'ations ma\’ he used in determining the igneous rock levels, and seismic 
observations may di.sclose the alignment of epicentres of local tremors 
along the main structural zone of instability in this area. Resistivity 
and spontaneous polarization observations would probably give early 
indications of changes in the thermal area. Local earthquake tremors 
may either indicate movement of magma or be associated with down- 
warping mowments which could be regarded as expression of a con- 
tinuous adjustment along the fundamental fracture. 


Refekknces 

(1) Jo.NLS, W . M (1940). Variations of the \'crtical Magnetic Intensity at 

Kotoriia, and their Relation to the Thermal Activity y.Z, J. Sd. 
and Tv(h , Jt, 289 b , 

(2) W atson-Mcnko, C. N (1938). Keconnaissance Survey on the Variation 

ot .Magnetic Force in the New Zealand rhermal Regions. S Z J 
Sii and Tah., 'JO, 99 b . 

(3) H,aalck, H. (1930); Handbuch der Expernnvntaf Physik, A'.VI . 

(4) ('.RANGii. L. 1. (1937): K.Z, GeoL Siirv. Bull., 37. 

(5) Xkttucton, L. L. (1940): “Geophysical Prospecting for Oil ” (t»ra\nty 

and Magnetic Calculations ) McGraw Hill, Intern. Corp., New York 

(H) (1913): 46th. Annual Report of Dofninion Laboratory. 



20 


The N.Z. Journal of Science and Technology 


TOXICITY OF SOME METALLIC SULPHATES TO THE 
COMMON HOUSE BORER ANOBIUM PUNCTAWM 

DE GEER 

By D. SpiLLER. Plant Diseases Division, Department of 
Scientific and Industrial Research 

{Received for pnhhrution, ^Oth September, 1U47) 

Summary 

(1) A method has l^een evolved for testing toxicity of timber preservatives 
to the common house liorer, {Anolmtm pmictatum l)e (Veer), bv using large 
numbers of eggs on small treated blocks of susceptible wood. Blocks arc 
examined after nine montlis for presence or absence of larvae 

(2) I 'Sing this technitpie it has been sliown that the sulphates of sodium, 
aluminium, iron, magnesium and manganese are not suHicientlv toxic to 
warrant their consideration as potential uofxl preservatives 

IXTRODltTION 

Damage caused to timber tlirough attack by tlie common bouse borer 
Anohium punctaium De (icer is widespread and is liable to increase as 
more sapwood is used in buildings. Various aspects of timber pre- 
servation are being investigated by this Division, but pre -treatment to 
prevent attack by insects is recognized as the most urgent. 

While some of the various systems of pressure treatment give sati.s- 
factory penetration and distribution of preservative (Harrow iinpuhli.shed 
data), it is also necessary to know the amount of preservative which must 
be used, if attack is to be prevented. These values can only be found 
by testing the preservative against the insects concerned. Before this 
could be done it was necessary to evolve a testing technique. Sc'veral 
methods have been tried and then rejected as inadequati*. A satis- 
factory method has now been evolved and is being used to determini' 
the toxicity of various preservative.s and jxitential preservatives. 

Experimental Methods* 

Small blocks of wood (approximately inch cubes) are imjircgnatt^d 
with preservative under conditions which ensure comj)lete penetration 
and uniform distribution of the material to be tested. From the weight 
of treating solution absorbed and its concentration the amount of pre- 
servative in the block is calculated. This amount is expressed as a 
percentage of the calculated oven -dry weight of the block and is then 
termed loading.'* The impregnated blocks arc allowed to become 
air-dry and are then transferred to the testing room for st(jrage. \Mien 
testing commences the blocks are ])laced in individual cages and suffi- 
cient Anohium beetles arc introduced to ensure the oviposition of more 
than 150 eggs on each block. These infested blocks are stored for about 
nine months at 22.5®c. and 85 per cent, relative humidity, conditions 
which are known to be very suitable for development of Anohium 
larvae. At the end of this period each block is sectioned on a microtome 
and the presence ( 4 ) or absence (o) of larvae is recorded. 

♦ A detailed description of technique and the various methods evolved for 
this test will he given in a subsequent paper. ’ 
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1948) Spiller — ^Toxicity of Some Metallic Sulphates 

TO Anohinm pnnctatum De (jEER 

When a series of loadings is employed, the level of romplete kill 
falls between two loadings. Above these values the material is com- 
pletely toxic, below the.se values there is insufficient toxicant to give 
a complete kill. The size of this interval can be reduced by repeating 
the experiment using more closely spaced loading intervals. 

If larvae survive in timber loaded with 2.0 per cent, of preservative, 
this material can be considered as non-toxic. A reasonably toxic 
material will give control at or below the 1 .0 per cent. level, while 
highly toxic materials will give complete control at or below a loading 
of 0.2vS per cent. The loading of 0.02 per cent, included in these cx- 
penments is beyond the control level of any material as yet tested and 
is in effect a check on susceptibility of wood, and tlie adequacy of te.sting 
conditions. 

In these ex})eriments the test timber was saj) kahikatea (Podocarpus 
dacrydioides A. Hich). It is usual tt) use blocks taken from more* than 
one board, as little is known of the variation in susceptibility to attack 
of randomly selected hoards. Two blocks from each board were tested 
at each loading. 

Materials Tested and Results 

The number of materials at present available for pre-treatment is 
not large, and some have characteristics such as being poisonous to man 
which jireclude their widespread employment in the timber -preser- 
vation industry. Studies on the cost of pre.servatives have .shown that 
h(*avv loading of low-priced materials may be cheaper than smaller 
loadings of more expensive materials. For this rea.son it is the intention 
to test various low priced materials to see whether any of these have a 
sufficient toxicity to be considered as potential preservatives. 

Freliminaiy tests on the toxicity of five metallic sulphates have now 
been complt‘ted and these results are given in Table 1. 


T AHi.i: 1. Toxu'ity of Five Metallic Sm.PiiATEs to Larval Anohium pmutituin 
(Tlst Tlmbek Sap Wood Kahikatka {Podoc'irpus d'Krvdwides) T wo 
Random Hoards \ and D) 




Loading (Per ( ent 

W/W 

on Oven 

Dry Wood) 


Materials T'ested * 

- 








— 

- 



2.0 


0.25 


0.02 



.\ 

1) 

A 


n 


1) 

Sodium .sulphate 

I C) i 

-f -f 

-f 

-4 

4- 4- 

-j- 1 

•t f 

Aluminium sulphate 

Of) 

OO 

4- 

t 

+ i 

4 f 

-J 

Fen OILS sulphate 

[ oo 

oo 

4 

1 

4 r 

f 4- 

t t 

Magnesium sulphate 

I o-t 

4 T 

4 

-f 

4 4 

« f- 

4 -t 

.Manganese sulphate 

j f)0 

C)0 

1 

+ 

-1 

4- -f i 

-r f 

^ f 


o No live larvae present in hloi’k i Live larvae present in block. 

* All materials were eomnieicial grade and loadings include the normal water 
of crystallization of these salts. 


Discussion 

Results in Table I show that none of the materials tested was toxic 
at the 0.2vS per cent. loading. Sodium and magnesium sulphates 
permitted development of larvae even when the loading was 2 .0 per cent, 
and thc.se materials must therefore be regarded as non -toxic to Anohiiim 
larvae. As there are other materials as cheap as, and more toxic than 
those tested, it would appear that none of these materials may be re- 
.garded as a potential timber preservative. 
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TOXICITY OF BORIC ACID TO THE COMMON HOl'SE 
BORER ANOBIUM PUNCTATUM DE GEER 

By D. Spiller, Plant Diseases Division. Department of 
fjcientific and Industrial Research 

(Received for pitbliiatwn, Hth Oitoher, 3047) 


Summary 

Tests have shown that bone acid in quantities equal to 0.043 per c ent 
of the dry weight of the treated wood, prevents development of the larvae of 
Anobium punctolum De (ieer At 0.022 ])er cent and l)elo\\ larvae are able 
to survive 

No rcfertMice has been found in literature to the toxicity of boron com- 
pounds to larvae of the common house borer, Anobium punctaiiim De 
Geer, but Cummins and Wilson (1936) demonstrated that borax was 
effective in protecting susceptible hardwoods against Lyctm attack. 
Cummins (1939) showed that boric acid was also effective, and that the 
quantities of borax, boric acid or a mixture of the two required to prevent 
attack, contained approximately equal weights of boron. The toxicity 
of boron compounds to Lycitts was remarkable in that as little as 0.11 
per cent, of boric acid or 0.13 per cent, of borax prevented infestation. 

As boron compounds are cheap and have no jiublic health hazaid, 
it was obvious that their toxicity to Anobium larvae should be deter- 
mined. Tests of boric acid have now been completed. The methods 
employed were identical with those described in a previous pa])er (Spiller 
1948). In all 131 treated blocks were tested and these covered loadings 
of boric acid ranging from 0.004 to 3.25 per cent. The test timbers 
were sap wood kaliikatca (Podocarpus dacrydioides A. Rich) and saj> 
wood pine (Pinus radiaia D. Don). Six boards (1, 2, A, H, C, D) of the 
former and two boards (K, H) of the latter were used. Results are 
.shown in 1'able I. 


Discussion 

I'hese results show that lioric acid is very toxic to Anobium larvae. 
All loadings of 0.043 per cent, and higher gave a complete kill, while 
loadings of 0.022 per cent, or less were insufficient to prevent develop- 
ment of larvae. These figures indicate tliat Anobium larvae are even 
more susceptible to boric acid than arc Lyefus larvae, which Cummins 
(1939) showed to be capable of destroying blocks loaded witli 0.06 per 
cent, of boric acid. 

l-Joric acid is cheap, has no }mblic health hazard and does not cause 
corrosion of treating plants. Hence, its use for commercial pre-treat- 
ment of building timbers has no disadvantages. 

Referknchs 

Cummins, ] E (1939): J. Aua(. Counc. Sci, mid hid. Res., 12, 30-49. 

Cummins, (. K. and Wilson, H. H. (1936): Ibid., 0, 37-56. 

Spiller, D. (1948): N Z, J. Set and Tech., 20, (Sec. li), 248-9. 



1948 ) 


Spii,i,er -Toxicity of Boric. Acid to 
Anohium punctatum De (iEKR 


23 


1 F-O 1 j 

•r. 1 — 

! ei 'in 


i M 

1 M 

ei 1 

1 © ] © 1 

© ; © j 

1 ® 

j c 1 © 

© 1 c 

1 © ' o 

' © 

' 

! © 1 iC 

1 

, ^ 

1 « 

1 lO 

»C 

•*f ' © 

ic 

1 

1 © 1 © 1 

[ © ; © 1 

1 © 

, © 

• — * , ^ 1 

! © j © 1 

i © , © 


; ic ‘ ‘c , 

i s 1 I s y 


I 5 ; 5 ■ j 2 , 5 

c ; c , c © 


\hi i 

I o|| i 

\ JZ ^ <U I 


' i ' ?i I 

■ ' ^ i - 


, ^ ^ C^l 4- i CM I- , ^ + 

; ;• t ‘ 5 ^ I 5 ^ ; 5 ' 


. = c . c 


^ c X i 9 , S •* X ' 

— c ©'"'©'^ ©'^ ©'^ © 


n c 0 ' © 


?i D M w — O 

• c o • c 


•c o . iT. 

• o • 


X I 

a. 0 

•O' • 


5X' lj£ 

C ^ ' C 4^ 

© 3 ’ •© 5 

§ £ ' g ^ 


M. OC 1 «1£ 

C 4_. C 40 C .* 


Board 

1 

i 

. M 

’ ! 1 

. < .22 , O 

1 1 

H 

'd 

a 

1 J 

■g s 

— 

_] .i . 

(s\fpiOfp,U wp 

j {vpnpvA 

3$ 


'incfAujopoj) 




i 3 d>C)liip;\] 

j 




£t'‘9fr6I 


f The lowest loading at which no live larvae were present in test blocks 
♦ The highest loading at w'hich live larvae were present in test blfx:ks 



24 


The N.Z. Journai- of Science and Technology (July 


EFFECT OF HEAT TREATMENT ON EQUILIBRIUM MOIS- 
TURE CONTENT OF THREE NEW ZEALAND GROWN 

WOODS 

By 1). Spiller, Plant Diseases Division, Department of 
Scientific and Industrial Research 

(Jieiewed for pubhf tiion, 10th August, 1047) 


Summary 

Samples of the llnee New Zealand woods rimu {Dacrvdtiwt c u press ui uni 
Sol.) kabikatea {Podoc'irpus dacrydundes A. Rich.) and pine [Piims radritu 
D, Don.) were heated at 86‘^c., 105‘^’c.. llS'c., 130V , 15()"c., for twcntv-loiir 
hours. Reduction in Uygroscopicity was measured by comparing the e(]inh- 
brium moisture content of the heat treate<l blocks with that oi un heated 
blocks With each timber, there was a reduction of from 1 .8 to 3 . 1 per I'cnt. 
in the E.M C at the four lower temperatures. At a further reduction 

of from 1.1 to 1.4 per cent (Kcurred. The difterences between woods and 
the "w'oodheat interaction” were significant but r)f no practical importance. 


Introdvction 

When wood is heated in an iin.saturated atmosphere for appreciable 
time, hygroscopicity is reduced and the equilibrium moisture content 
is less than that of unheated samples. The magnitude of this t ffect 
depends upon both temperature and duration f)f treatment. Subse- 
quently, when treated wood is exposed to changes in the humidity of the 
ambient air. such decreased hygroscopicity reduces shrinkage and 
swelling of the timber and thus increases its dimensional stability. 

Stamm (1937) has shown that this effect of heat on hygroscojneity 
of wood is permanent and recently Stamm, Burr and Kline (1946) have 
investigated the magnitude of this reduction at temperatures up to 
320'^c. with widely varied treating times. They have .shown that 
below 160^c. losses in toughness, hardness and elasticity are less than 
10 per cent, and are not likely to prevent commercial adoption of heat 
treatments for increasing dimensional stability. 

Dimensional stability of timber is of considerable importance and. 
as no information was available on the effect of drastic heat treatments 
on the hygroscopicity of New Zealand woods, an investigation was 
undertaken. This paper presents results of initial experiments with 
three New Zealand timbers, at temperatures up to 

Methods 

Single straight grained, sapwood boards of rimu Dacrydium cup- 
ressintim Sol.) kahikatea {Podocarpus dacrydioides A. Rich) and pine 
{Pinm radiata D. Don) were each sawn into sixty blocks with dimensions 
and weights as follows: rimu 11x2,5x4 cm. (97-117 g.); kahikatea 
11x5.5x3.7 cm. (87-100 g.); pine 11x6.8x2 cm. (62-70 g.). These 
blocks were stored in closed tins for a week to equalize moisture. They 
were then randomized into six groups of thirty blocks, these groups 
comprising ten blocks of each wood. The blocks were numbered and 
individually weighed. One of the size groups was then placed for 24 

* Biock.s of similar sijee and weight are known to reach equilibrium within a 
month in this room . 
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hours in a ventilated drying oven at the required temperature. Five 
treating temperatures, 86", 105", 115", 180", and 150 c. were used and 
the sixtii group was retained as an air dry check. After treatment the 
blocks wi‘re cooled in desiccators and each block weighed. After 
weighing, blocks were open stacked in a constant temperature and 
humidity room (22.5 'c. and 86 per cent. R.H.) for six months* and 
then reweighed. From the dry weights recorded after treatment, equili- 
brium moisture content at 86 per cent. K.H. w^as computed for each 
block For unheated blocks, which served as checks, dry weights were 
computed from the average initial moisture content at 105"c. for each 
timb(*r. 


Results 

At tlu‘ higher temperatures a darkening of wood was apparent, but 
this was slight. Blocks did not check or crack during treatment or when 
(‘xpcLsed in the humidity room. 

Table 1 gives the average moisture content of treated blocks after 
(‘\posure to 86 per cent. J^.H. at 22.5"u. while Table 11 gives an analysis 
(»f variance of the complete data from 180 blocks. 


1 AJ^i I I MhAN PKKChNTAdK KQeiJ.iBkie.M .MoisTi HI-. (‘oNTKXT OK Ten Blocks 
() i< rKKATKi) Wood in Eqcilihrium with \ik at 86 per cent 
[< II. AND 22.5 c 




Wood Specte«» 


Irc.Ttnu-nt ('I einp 

(' ) Kaliikatea 

Kiinu 

Pine 

\ir dn 

19.8 

20 . 1 

21.1 

86 

17.8 

17 7 

18.1 

105 

17.5 

18.0 

18.0 

115 

17.7 

18 8 

18.8 

ISO 

17.5 

17.9 

18.0 

150 

16.4 

16.5 

16.8 

I )it1»‘rcncc loi .siRinluancc between 

iin\ 1 wo means 

0.4 P 0.01 

I'ami l 1 1 

\n.\lv.sis of Variance of 

UoMPi.KTK Data 

(180 Blocks) 

Source of yannfion 

j Degrees of l•'rcedom. j 

Sum of Siiuaies 

j Mean S(|uare. 

Heat ’1 real men ts 

1 5 , 

227.7 

45.5 

Wo«xls 

: 2 * 

15.1 

1 7.5 

Interaction 

! 10 ' 

4.7 

! 0.47 

Ui ror 

1 162 i 

17.4 

, 0 . 107 

Total 

1 179 

246.9 



Table 111 lists the changes in hygroscopicity for each wood -tempera- 
ture combination, as given by the differences between E.M.C. of treat- 
ment and check expressed as a percentage of the F2,M,C. of the check. 
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Table 111. Average Percentage Loss in llYGROscoPicixy of Heat I'REATEn 
Wood (Calculated from the Average Values of Blocks 
AS Shown in Table 1) 


Treatment (Temp, “c.) 

1 Kahikatea 

Kimu. ! 

Pme 

Air dry 

1 


86‘ 

I 12.3 1 

11.7 

14.2 

105 

! 11.5 1 

9.6 , 

1 13.6 

115 1 

1 10.4 

8.7 ! 

1 13.0 

130 1 

I n.7 i 

10.8 

' 14.5 

150 

17.2 

17.8 

20.6 


DiscrssioN 

Table [ shows that all heat treatments reduced the K.M.C., the 
reduction ranging from 1 .8 to 4.3 per cent. Table II shows that these 
changes are real, that there are also significant differences between 
means for different woods and that the three woods have not reacted 
in the same manner. These last two effects are small and of no practical 
importance. 

Reduction in hygroscopic ity of pine was more than that of kahikatea 
and rimu (Table III) due to the higher Iv.M.C*. of the air dry wood of 
this species in this experiment. 

Stamm et al, (1946) found that heating pine ( Finns nwnticola 1). Don) 
or spruce (Picca sitchensis Carr.) at 150"c. for 24 hours reduced hygro- 
scopicity by about 16 per cent. This figure is very similar to the results 
of the present experiments (Table 111), and confirms the minor im- 
portance of timber species and wood -heat interaction." In general 
it appears, that, irrespective of timber sp>ecies, there is a rather uniform 
drop of 2-3 j)er cent, when w'ood is heated at any temperature between 
86''c. and 13()'\\ for twenty -four hours. At 150"c. the K.M.C. is again 
reduced by approximately one per cent. 

Whether such drastic heat treatment is of practical importance 
depends upon the extent to which the increa.sed dimensional stability 
is offset by the small losses in hardness, toughness and l)r(‘aking strength. 


RKFKKKNChS 


Stamm, A. J. (1937): Itid. Jing, Chem., 'iU, 833. 

Stamm, A. J., Burr, H. K, and Klinf, A. (1948). Ind I'.ntr Chem , 3M, 
630. 
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CORRELATION OF Sl»ORAI)IC E REGION IONIZATION 
OVER SHORT DISTANCES AND COMPARISON WITH 
MAGNETIC DISTURBANCES 

Rv V. B. (iKRARD, Magnetic t)bservatory. Department of 
Scientific and Industrial Research 

(Reenvt'd io} pubitcition, I7ih July, 1U47) 

Summary 

Hy means of simultaneous observations of lu ionization at several points 
sejiarated by distances up to 40 km , some new evidence of the horizontal 
<listribution of lC.s ionization has been found. An approximately linear 
relation betweeni correlation coefficient, based on these simultaneous obser- 
vations of fKs at different points, and distance has been found. This applies 
over short distances less than 50 km. The derivation of a rough empirical 
formula to calculfite permissable frequencies for short distance Eh trans- 
nns.sion has been attempted The formula necessitates a knowledge of fE-, 
at the transmitting location and is very restricted in its application Indi- 
cation of moving .sporadic E clouds is given, together with the order ol the 
velocity and diameter of one such cloud. 

Observations of the horizontal component (fl) of the earth's magnetic 
field permitted simultaneous conqiansons of Eh ionization with magnetic 
distinbaiK es. There was no evidence to show^ any changes m H as great as 
I0-* gauss for any of the observed sporadic K ionization. 

Introdiction 

Thk sporaiiic K rogifin (b-j i.s usually defined as an ionized layer existing 
at the approximate hciglit of the Ii region, that is from 9() to 140 km., 
and giving wireless wave reflections at frequencies above tlie ordinary 
1 l, critical frequency (f 'E|). These echoes are sporadic in nature, oc- 
curring at any time, but are usually more intense during daylight hours, 
although usually more fretpient near the local midnight (1). Annual 
curves show a maximum prevalence of in the local sumnitM". E,, 
\'irtual heights do not increase as the critical frequency is approtiched. 
but the echoes gradually fade out and the critical frequency, usually 
called the maximum frecjuency in this case (denoted- by fE^j, depends 
to some extent on the transmitter power, receiver sensitivity and noise 
level (2). Becau.se of this, observations of fE^ at the same point with 
different apparatus are not always identical ; however, the variation 
for widely different types of apparatus is seldom greater than .J me. s. 

Magneto-ionic splitting of tiie incident beam into the ordinary and 
extraordinary rays, so well defined in the case of the Eg layer, is seldom 
seen in the case of the E^ layer. For this reason it has been recom- 
mended (3) that the measured fE« value be the maximum frequency 
for Ej, echoes. When a definite split is seen, the ordinary ray is measured. 
However, in the present investigation such a split was seen only on one 
or two occasions and the fE^ value given refers in ever\’ case to the 
maximum frequency of the FIh echoes. 

The exact nature of Eg has long baffled investigators. Some evidence 
of its phj^sical nature has been reported (4, 5). However, on reviewing 
the literature one is impre.ssed with the little that is known regarding 
its distribution over short horizontal distances. Instantaneous obser- 
vations of flis over distances of 80 and 700 km. (2, 4, 6) have been made, 
but apart from one paper (7) reporting rather pronounced discontinuities 
between two stations only thirteen miles apart, no other work appears 
to have been done over short distances. 
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Harang (8) lias found that at Tromso, Norway, sudden increases in 
fhs to about 9 mc./s. were accompanied by changes in the horizontal 
component (H) of the earth’s magnetic field of magnitude ().()()3 gauss. 
Other investigators (1, 9) find no correlation between Ks prevalency and 
world-wide magnetic activity, but instantaneous comparisons were not 
attempted. To investigate this aspect of the problem, use was made of 
the magnetic records from the continuous recording Magnetic Obser- 
vatory at Amberley (see ITg. 1). 


Apparatus and Method 

In C anterbury, there is in operation at Lincoln (sec Fig. 1) an auto- 
matic ionosidiere recorder giving hT (virtual height V. Frequency) 
curves every half hour and sweeping over a frequency range of 1 to 13 
mc./s. in two minutes. The peak pulse output of the transmitter is 
about 2 kw., the aerials used being four “ cage “ type broad band dipoles, 
'riiere is one aerial for transmitting, together with an identical one for 
receiving the 1 to 4.4 mc./s. band. Two similar smaller aerials are 
used for the 4.4 to 13 mc./s. band. This a])paratus can be made to 
record an h'f curve eveiy two minutes if desired, and so can give con- 
tinuous recording. A camera mounted in front of the cathode ray tube 
of the lAucoln display unit records the h'f curve on photographic film. 

At (’hristchurch, 15.9 km. north-ea.st of Lincoln, a manually operated 
ionosphere recorded has been installed, the frequency range being I to 
15 mc-s. and the peak pulse output of the transmitter being in the 



Fig 1 
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vicinity of vSOO w. The aerials used are in this case vertical rhombics, 
one each for receiving and transmitting for tlie range 1 to 7.7 mc/s., 
and likewise one each for the range 7.7 to 15 mc/s. 

Thus it will be seen that simultaneous measurements could easily 
be obtained at these two closely adjacent stations. It was desired to 
obtain measurements over varying distances somewhat greater tlian the 
distance betwetm Christchurch and Lincoln, and for this purpose a 
portable ionos])here set was built. This will be described below. The 
object was to set up tlie portable recorder at suitable points in the 
district, tunc in the ('hristciiurch manually operated transmits* and do 
a frequency run, })lotting an h'f curve simultaneously with the (‘hrist- 
church operator. The portable recorder will be receiving a slightly 
obli(]ue signal, but by applying the u.sual formula for oblique incidence • - 

fob -r i 9>ec. (f> 
where f fEh in this case 

fob - ma.ximum freciuenc}^ for a wave to be 
n^fltTted back to ground when incident on the layer at an angle ; 
the value of fEs could Ijc .simultaneously obtained for three points. 
The three j)oints would be vertically above Christchurch and Lincoln 
respectively and at a ])oint midway betwTen Christchurch and the 
portable recorder. ^ was of course calculated from the separation be- 
tween Christchurch and the portable recorder, together with the height 
of the Es layer, which for this purpose was taken as 1 10 km. An ex- 
aminati(m of the h'f curves obtained revealed no marked variations 
from a height of 110 km. or E^ and so the use of this value was justi- 
fied. The sporadic M layer is generally considered to be very thin and 
so for this layer the virtual height and the actual height must be the 
same. It has been .showm (5) that the above formula is sufficiently 
accurate for this very thin layer. In any case, over the short distances 
used, the correction from oblique to vertical incidence was ver\’' small, 
and m some cases negligible. 

The portable recorder, which was j>owered by the A.C. Mains, con- 
sisted of a receiver and dis]>lay unit built into a fairl}^ small cabinet 
which could be transported from place to place without difficulty. The 
receiver was a conventional ionosphere receiver covering 1 to 18 mc 's. 
in three bands with a band width of about 25 kc. The respective stages 
were, R.E. amplifier. convert(T, three I.F. stages, infinite impedance 
detector and a video .stage. The video stage could also be used to operate 
a small P.M. speaker for time signals. The display’ unit consisted of a 
4 in. cathode ray tube with the usual high voltage power supply and a 
time base which was designed to record equivalent ionosphere heights 
up to 450 km. The time base was mains synchronized because the 
Christchurch transmitter is mains pulsed, i.e. the pulse repetition rate 
is v5() per second. A phase shifting network was used to bring in the 
echoes received on the correct portion of the time base. An ordinary" 
long wire aerial was used supported by two masts which were bolted 
together from shorter sections. 

The experimental difficulties encountered are listed below : — 

(I) As mentioned above, fEs values measured on different recorders 
are not always the same. It was decided to take the fE^ value as given 
by the Christchurch recorder as standard, and correct the values obtained 
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on both the portable and the Lincoln recorder to this standard. To 
determine the correction to apply to the portable recorder, this was set 
up alongside the Christchurch recorder and as many as possible flip 
values obtained, these being measured simultaneoudy on both sets. 
The actual correction was negligible over most of the frequency range, 
because both sets were using the common transmitter and both recei- 
vers were very similar in design. It was more difficult to obtain the 
correction to apply to the Lincoln fK^ values, since it was impracticable 
to erect the Christchurch apparatus at Lincoln. Hy choosing a suitable 
site for the portable recorder it was possible to get oblique reflections 
from the point vertically above Lincoln and in this way find the correction 
to apply to Lincoln fE« values. Doyleston (see h'ig. 1 ) was the site used. 
Lincoln is of course, midway between Doyleston and ('hristchurch. 
At first the portable recorder was installed at Irwell very near Doyleston 
but bad local noise made receptkm almost impossible and the gear was 
shifted to Doyleston. In this way corrections were obtained to correct 
Lincoln values to those given by the portable set, after correction for 
oblique incidence, and by means of the ('hristchurcb -portable correction 
curve, were finally" reduced to values which would have been recorded 
by the Christchurch recorder if this had been installed at Lincoln. The 
correction in this case was hy no means negligible for. as indicated above, 
the Lincoln and Christchurch recorders were of quite different types. In 
both cases the correction varied with frequency, as was to be e.xpcctcd, 
and, to facilitate reducing results, correction curves were drawn. All 
fEs values quoted hereafter have had this correction for recorder charac- 
teristics applied, and have also been corrected to vertical incidence if 
necessary. 

(II) Since vertical rhombic aerials were used for the C hristchurch 
recorder, whoselobe width was unknowm, distances above a certain value 
would cause a falling off in signal strength, and if very marked, a falling 
off in the fE„ value recorded by the portable set. Hence it w'as necessary 
to restrict the distances used to be sure that this error did not aiise. 

(III) As no communication existed between the two manual stations, 
all frequency runs had to be done by a pre-arranged system, lissentially 
this consisted of covering the frequency range from 2.2 to 5 mc/s., or 
higher if the fE^ value was above 5 mc/s., in steps of 0.2 mc/s. remaining 
for 30 seconds on each frequency to plot the h'f curve. As all runs 
were made in daylight when the critical frequency was always greater 
than 2.2 mc/s. it was not necessary to operate below this frequency. 
The times of all runs were recorded by a watch checked against time 
signals, while the Lincoln recorder, which was of course operating con- 
tinuously during hours of recording, is controlled by an electric clock. 

(IV) In interpreting the exact value of f from the h'f curve is always 
a matter of some difficulty since the echo strength usually falls gradually 
over perhaps i mc/s. or more before becoming lost in the background 
noise. To facilitate interpretation, the echo strength at Christchurch 
and at the portable site was recorded for each frequency. A very simple 
index was used 1, weak. 2, average. 3, strong. This helped 
greatly in obtaining fEn values, but obviously could not be applied to 
the Lincoln photographic recorder. For this reason Lincoln fE^ values 
are much more uncertain than those of the manual sets. 
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(V) For the proper interpretation of the echoes at tlie portable site it 
was thought at first that the ground wave would be necessary, but it 
was found possible to work well outside the range of this wave which 
was about 25 km. around 2.2 mc/s. Accurate layer heiglits in these cir- 
cumstances were not possible but since it was only necessary to dis- 
tinguish E and F layers, the short ground wave range from the vertical 
rhombic aerials did not matter. 

In all, three other locations beside Doylcston and Irwell were visited, 
these being Governor’s Bay, l^angiora, and Ashburton (see Fig. I ). 
Table I gives details of the location used for the portable recorder 
showing their distances from Christchurch which is of course twice the 
distance between the respective reflection points. In all, 174 com- 
parisons of fEn between ('hristchurch and Lincoln were obtained and 
although a total of 534 manually recorded h'f curves were plotted onl>" 
about one third of these showed E.s ionization to he present. 


Results 


<«) Correlation of values. 

Correlation coeflicients (r) were calculated from the 11% values ob- 
tained at each pair of stations. When 1% ionization was present at one 
station and not at the other the value of 1°!% was u.sed in the calcu- 
lation. 

Other workers (2, 4, 6) have only calculated the probability that 
Eg ionization will occur at one station when present at the other, and 
results arc only available over 80 and approximately 7(K) km. In order 
to compare the results of the present investigation with these results, 
probabilities were also calculated, but due to the relatively small number 
of observations at the different stations, the values differ rather errati- 
cally and the correlation coefheient seems to be a much better indication 
of the relationship. 

Table II gives the values obtained for r and the probability over the 
various distances, together with the results obtained by Eckersley, and 
by Appleton and Beynon (2, 4). Fig. 2 shows these results in graphical 
form plotted as r and probability against distance, the arrow showing 
the mean error for each value of r. The relation betw^een correlation 
coefficient (r) and distance appears to be linear over the short distances 
of this investigation, but vsUues over greater distances may not show 
a linear relation. Due to chance coincidences the probability over 
greater distances can never be zero as pointed out by Appleton and 
Beynon (2). However, the value of the correlation coefficient should be 
zero for distances greater than a certain value, and it would seem that 
this distance would give the maximum distance over which the ionizing 
agent causing 1% ionization can act. Hence this distance should be of 
value in determining the ultimate cause of the sporadic E layer, which 
is still obscure, apart from Appleton’s (4) suggestion that both corpus- 
cular radiation from the sun and meteors may be the ionizing agent. The 
present investigation does not extend over sufficiently great distances to 
give an approximate indication of this di.stance. 
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(b) Formula for Short Range Communication. 


Let Xg Xn be fEn values for one reflection point, and 

Yj Yg Yii simultaneous values for the other reflection point 


a distance V awaY- If A fHg is the difference between these pairs of 
values, then from the values obtained it was found that A fE^ is ap- 
proximatelY independent of fE„, and so it maY be regarded as a function 
of distance only. Table III below gives the mean values of A fEn for each 
pair of stations a distance i. apart, i.e. ^ between reflection points. 

I ahi-F 111 


48.0 ! 51.8 : 80.2 


.501 i .469 ! .659 


These values are erratic, due no doubt to the small number of ob- 
servations and the uncertainty of obtaining an exact value of fE„ from 
the Lincoln photographic record. The general trend is much the same as 
would be expected and assuming that A fE„ varies linearly with distance 
we And that : 

A fh-fe - i (Mill L, where A fEn in mc/s. 

represents the most probable difference in ili^, between two reflection 
points a distance i km. apart. 

Considering the effect of obli(|ue incidence we have : 

fob - fE« sec. <l> and taking the average height of Eh to be 1 10 km. then 
the following formula is obtained : — 

fob (fE. 4 0.011 L) \M8,400 4 1> 

220 ” 

where fEs, is the value at the transmitter. 

Hence, to be reasonably certain of communicating over a range 
Lkni. using sporadic E reflections, given the value of fEn in mc/s. at the 
transmitter, the frequency used should be less than 

(fEn - 0.011 L) \ 4S,WrT'~U 
—220 

This may be regarded as a predicted M.U.h\ (maximum usable frequency) 
for the Eh region. 

If, on the other hand, communication is not desired within this 
range L, i.e., that L shall be within the skip distance, then the frequency 
used should be greater than 

(f E h 0 .01 1 L) vis m Tl> 

220 

This formula could be expected to hold, even if only very roughly, 
for values of fE^ between 2 and 10 mc/s. and for values of L less than 
100 km. It ignores the exi.stence of the ordinary E and F layers. It 
could only be applied when fKs is measured on a recorder whose power 
and sensitivity is of the same order as that of the transmitter and re- 
ceiver used for the communication. This is because the actual measured 
fEs depends to some extent on recorder power and sensitivity. ^ 


T- kin. 

2.6 

j 

10.4 

25.8 

1 29.6 i 

1 - . _ 

Afivs 
me, s 

.205 

I 

.223 

i 

.269 

i .182 
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(c) Moving Clouds. 

Some interesting evidence of the cloud like nature of sporadic E 
ionisation appeared one day during observations at Ashburton. The 
observations for the day are shown in graphical form in Fig. 3, similar 
graphs were drawn for each day’s observation but this is the only one 
to show anything unusal. The observations from 13.50 to 16.20 hours 
N.Z.C.T. show at 14.20 hours the commencing of the greatest increase 
in fE» over the whole period of observations, but unfortunately, due to 
local interference at Ashburton, the portable recorder could not record 
between 15.00 and 16.00 hours. 


Table II. Relationships Between IEh Over Various Distances 


* ; 

Stations. 

Distance 

Between 

Reflection 

Points. 

(km.) 

Correlation 

Coefficient. 

(r) 

Proba- 

bility 

(Per cent.) 

Remarks. 

1 .incoln to 
Doyleston R P.* 

1.3 

0.99i.0.005** 

100 

15 Observations 

Christchurch to 
(k)vernor's Bav. 
R.P. 

5.2 

0.94 ±0.02 

83 

tK) Observations 

Christchurch to 
Uangiora R P. 

12.9 

0.95^0.01 

94 

64 Observations 

l.incoln to 

Governor’.s Bay 
R.P. 

14.8 

0.95-1:0.02 

63 

24 Observations 

Christchurch to 
Lincoln. 

15.9 

().92±0.01 

... .. 

84 

174 Observations 

Lincoln to 

.Ashburton R.P. 

24.0 

0.91^0.03 

.;i 

86 1 

1 

43 Olwer vat ions 

1 

Lincoln to 

Rangiora R.P. 

25.9 

0.85±0.04 1 

96 

56 Observations 

Christchurch lo 
.Ashburton R P. 

40.1 

0.86±0.04 

! 85 

39 Observations 

Slough to 

Great Baddow. 

80 

Not given 

70t 

1 „ _ i 

71 Observations 
(Appleton and 
Bey non (2)) 

Slough to 

Burghead. 

700 

Not given 

26t 

Few Observations 
(Appleton and 
Beynon (2)) 

Ottawa to , 
Washington 

735 

Not given 

30tt 

1800 Observation .s 
(Appleton and 
Beynon (2)) 

Ottawa to 
Washington 

735 

Not given 

<10 

Estimated by 
Hckersley (4) 


♦ R.P. a® Reflection Point. 

•• Since the observations at Doyleston were used to obtain the correction to 
; am^ly to Lincoln fRs, r is necessarily very close to unity. 

, f 'Vintense ” E only, i.e. for fE«>f*Fg. 

tt to 70 cent, in local summer. (Values fotv;al1 £» whethf»r 

‘V]Wiase’'Eornot.) 
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Ionization over Shorj Distances 

It will be seen that for every observation without exception the 
Lincoln fE^ value lies in between the Christchurch and Ashburton values 
and also the decrease and the subsequent increase and decrease of fE^ 
occurs first at the Ashburton R.P., then Lincoln, and finally Christchurch. 
Although too much importance should not be attached to the single 
isolated set of observations showing this effect, it seems to be real. No 
other observations show this effect clearly, and it has probably shown 
up in this case only, because of the large sudden increase in fE^, and 
because Ashburton was the farthest location used. 



Fig. 2 


It would seem then that we must intei'pret the effect to represent 
a moving sporadic E ionization cloud whose front reaches Ashburton 
first. This would mean that the cloud is moving roughly in the direction 
Ashburton to Christchurch, or, to be more accurate, has one component 
of its velocity in this direction. Possibly it really represents a move- 
ment of the ionizing agent, rather than the actual ions, because of the 
relatively high recombination coefficient of the E region. The cloud " 
appears to have taken about 9 minutes to travel the 40 km. separating 
the Ashburton reflection point and Christchurch, representing a velocity 
of 270 km. /hour. Although this velocity is high, velocities of the same 
order have been deduced from meteor trails, which are known to be 
produced in, or slightly lower than, the E region. 

The “ cloud appears to have taken about two hours to pass over 
each station, giving it a resulting diameter of 540 km. assuming the 
above velocity. The “ cloud ” can probably be classed as an ** intense " 
E type since its maximum ionization was greater than that of the F 
region. Its diameter of 540 km. fits in with the fact noted by other 
observers (2, 4) that intense ” E icmization is quite often correlated 
over distances of 700 km. 
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(<f) Comparison wiih the Earth's Magnetic Field. 

A careful comparison of the fE« changes with those in H has shown 
that no detectable change occurs, although changes in H greater than 
10-* gauss should be found. This indicates that there is no relationship 
between changes in H and sporadic E ionization. 



Although the magnetic recorders are forty odd kilometres north of 
•Christchurch, this should in no way invalidate the above deduction 
since any changes in H would presumably be due to small corpuscular 
streams from the sun, and these would produce a magnetic effect over a 
wide area. The rdationship between magnetic storms and auroral 
activity is well known, as is the fact that £« frequently is very prevalent 
during aurorae, but mainly in the auroral zone only. It may be that 
this type of ionization is caused by different mechsuiism from that causing 
the ordinary sporadic E ionization of temperate zones. It would seem 
that the concurrent disturbance in H and in Eg observed by Harang (8) 
at Tromso was of the auroral t 3 rpe, since Tromso is well within the 
, aurord zone. 

^Eeported comparisons (1, 9) of E* activity with the K index of 
magnetic activity and the 27 day period of solar rotation yidd negative 
results. However, Wells (1) has pointed out that th^ abi^nce of cor- 
• relation between E*. and magnetic activity does not necessarily deny the 
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corpuscialar origin of £«, but may suggest that the local nature and 
limited extent of the patches of £« are indications of minute corpuscular 
streams from the sun which have no effect on the overall magnetic 
field of the earth. The present investigation would seem to show that 
although there is no world effect, except in the case of auroral £«, there 
is also no local effect exceeding 10~* gauss in H, and this tends to weaken 
the corpuscular theory considerably. Even small corpuscular streams 
would be expected to have some magnetic effect, but possibly the effect 
is very small of the order of less than 10“® gauss, in which case, at even 
the most magnetically quiet location, it would be completely obscured 
by larger disturbances. 
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NEW ZEALAND DIVINERS 

By P. A. Ongley, Medical School, University of Otago 

(Received for pubhcaiion, 3Mh May, 1947) 

Summary 

Of seventy-five diviners thoroughly tested, none showed any reliability. 
An explanation is suggested for the movement of the rod and the apparently 
spectacular divining successes. 


iNTRODrCTION 

While divining was known to the Persians, Scythians, Medes, and 
Ancient Germans, modern divining originated in Germany, spread to 
France, and first appeared in England when Queen Elizabeth introduced 
diviners to stimulate tin mining in Cornwall. 

In New Zealand, divining is widely used. One Southern Education 
Board employs its regular diviner at all new schools. In a recent 
Waikato Magistrate s Court decision a well-borer was held negligent for 
not having taken a diviner with him on first visiting the site of a pro- 
posed bore. When the Newmarket Borough Council advertised for a 
diviner last year thirty applied. The number relying on diviners for 
cures of various ailments, real and imaginary, is considerable. 

While certain investigations have been made overseas, it was felt 
desirable in view of the widespread activities of diviners in this country, 
to investigate their ability. 


Theory of Divining 

There are two methods of divining, the Method of Samples and the 
Method of Beats. 

In the Method of Samples the diviner holds in his hand a sample of 
whatever he seeks, in order to insulate him against rays from all other 
substances. Divinability is claimed to be due to the emission by a 
substance of rays which may be located by the diviner vertically above 
the substance. 

According to the Method of Beats, each element causes in the rod 
a definite number of beats or movements. These may be positive 
involving an upward movement of the rod, or negative , involving a down- 
ward movement. 

The diviner claims that he becomes charged with rays which cause 
•definite beats of his rod. From the number of beats he can identify 
the particular substance concerned. 

An important aspect of divining is what is known as the “theory 
otf refniniscences.’’ It is contended that any substance dr person leaves 
behind a divinable “ reminiscence.*’ For instance, if a penny is placed 
on the door and then removed it is claimed that thf?previous presence 
%f ibe p^ny may Sjtill be detected. 
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Medical divinets are of two types. Most water diviners believe 
disease is caused by sleeping over running water. Having found the 
offending " stream ”, the diviner treats the patient by placing his bed 
elsewhere. On the advice of diviners one Central Otago farmer whose 
house is held to be over a maze of streams now sleeps in his cow byre. 
(By the Methods of Beats or Samples, however, medical diviners claim 
to diagnose the actual ailment and the part of the body in which it is 
located. In both methods they disignose either from the patient him- 
self or anything, (e.g. handkerchief, garment, sputum, urine, or blood) 
personal to him. 

With the Method of Samples the diviner uses for the standard sample 
of any particular disease, a piece of wood from a tree suffering from 
the same disease. Among various botanical samples inspected was an 
alleged psoriasis which was described by a botanist as a red leaf disease, 
and a T.B. sample which was identified as a moss-covered twig. 


Experimental 

The seventy-five diviners tested (including nine women) varied in 
age from five to eighty-eight years. Occupations included clergymen, 
teachers, ex-nurses, mechanics, farmers, housewives, mill-hands, 
labourers, a land-agent, plumber, electrician and grocer. Geographical 
distribution was : Auckland 1 ; Taranaki 5 ; Hawke's Bay 1 ; Welling- 
ton 7 : Nelson 1 ; Canterbury 4 ; Otago 46 ; S^juthland 10. The age 
distribution of tlie 1 18 diviners known to the writer is as follows : — 

Age : 0-9; 10-19; 20-29; 30-39; 40-49; 50-59; 60-69; 70-79; 80-89. 

No : 1 12 9 14 21 24 27 7 3 

While most diviners used forked sticks (Fig. 1) — ^some dried, some 
green — ^two used clock springs, a few used wire, three used pendulums, 
while many North Islanders used a straight stick held at both ends and 
bent by the hands (Fig. 2). 

In the experiments each diviner has been given a number. 

Diviners were tested according to their claims to divine water, 
minerals, diseases, etc. Rigorous control experiments were carried out 
to see that : — 

(1) There was no interfering substance at the trial site.; 

(2) Sufficient material was used ; 

(3) Containers did not interfere ; 

(4) Diviners’ failures could not be attributed to reminiscences. 


Statistical Significance of Results 

While most results are capable of statistical interpretation the 
others would appear to be so unreliable as to need no analysis. Three 
statistical terms need explaining ; — 

(a) “ Randotn or Chance Value ” is the number of successes expected 
by chance. A penny tossed JO times will probably give five hea^ and 
five tails. The chance of scorii^ 0, 1, 2 .... 9, 10 successes in 10 at- 
•temprts in any number of. «sts of 10 can be calculated. 
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(b) Necessary for 5 Per Cent. Level of Significance,'' indicates the 
number of successes necessary if one is to assume the results are not 
due to ch^ce. 

(c) " Standard Deviation,"' is the square root of the sum of the squares 
of the deviations from the mean divided by one less than the number 
of observations. 

Unless otherwise stated “ 4 will mean that the diviner was right 
four times in ten attempts at saying whether the substance divined for 
was present or absent. The Random Value will then be 5 and the 5 
per cent, level, 9. 

In order to give the results more statistical meaning, when a diviner 
tried say thirty attempts, his results are reported as the number right 
in each set of ten. Unfortunately, for various obvious reasons it was 
not possible to subject all diviners to the same number or type of tests. 

Water Divining 

The fifty-eight water diviners tested were of two types : 

Type I, who claimed to be able to find water only when it is running 
underground and Type II, who claimed to be able to find water 
anywhere. 

Experiment A . The diviner was asked to locate an underground stream 
and define its centre or edges as accurately as he could. He was then 
asked to locate the same stream when approaching it with his eyes 
closed, usually from about ten yards away. To find the normal chance 
deviation, twenty different people tried how closely they could come 
to a selected mark about ten yards away by approaching with eyes 
shut. Diviners and non-diviners had the same number of attempts. 

In the following table the figures given in the first row indicate the 
distance in feet at which the subjects stopped when they thought they 
were at the given mark — the streams in the case of the diviners and 
the selected marks in the case of the non-diviners. 



Fio. 1 
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The figures in the second row show the total number of times 
diviners erred by these distances, while those in the third row give the 
•corresponding results for the non -diviners. 


Row I >10, 10, 9, 8, 7. 6, 5, 4, 3, 2, 1, 0, Mean 

(Deviation in feet 
from " stream ” or 
Given Mark.) 

Row II 2 5 6 7 9 9 23 35 56 59 41 38 2.93 

(No. of times scored 
by Diviners.) 

Row III 0 0 1 1 2 5 14 20 44 54 72 86 1.74 

(No. of times scored 
by non -diviners.) 



Experiment B. When the diviner claimed he had found a stream, ten 
or twenty pegs were put in so that half were above the stream and half 
were not above it. The diviner also checked each peg “ wet ” or “ dry " 
as it was put in. These being assumed correct, the object of the test was 
to see how consistently he could now classify selected pegs on further 
attempts. 

Results Diviner No. 29 : 8, 6, 7 ; No. 64 : 3, 6, 6, 5 ; No. 71 : 5, 5 ; 
No. 72 ; 5, 8 ; No. 47 : 9, 8. 7. 6, 9, 2, 4, 3, 1, 5. 

Experiment C. Two or more diviners reported on streams crossing a 
given line, e.g. along a fence, or round the edge of a lawn : — 

(i) Diviners No. 6 and No. 10 reported on streams crossing the same 
two fences. No. 10 found water almost everywhere except where No. 6 
found it. 

(ii) Diviners Nos. 12, 13, 14 reported on streams-crossing a row of trees. 
If we define the spaces between successive trees as positicms 1, 2, etc., 
No. 13 found water in positions 1 , 2, 4, 5, 6, 7 ; No. 14 in positions 3. 8, 
•O, 15, 18 ; No. 12 nowhere. 
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(iii) Diviners Nos, 4, 24 and 25 reported on streams crossing the edges 
of the same lawn. Figures indicate distances from the starting point A, 
at wliich the edges of the stream were located. Comers occurred at 
27, 64. 147, 202, 220, and 260 ft. from this starting point. 

Results : — ^Diviner No. 4 : 18 to 36, 53 to 70, 121 to 168, 211 to 220, 

No. 24 : 19 to 27, 33. 64, 79, 98, 124, 141, 157, 177 to 202. 207 to 220, 

236 to 240. No. 25 : 21 to 27, 30 to 44, 53 to 64, 82 to 94, 130 to 141, 

257 to 260. Results are shown graphically in Fig. 3. 



(iv) Diviner No. 32 claimed to find two streams each about five yards 
wide and ten to fifteen yards apart. Nos. 33-37 (all belonging to No. 
32's family) then tried to find these streams by« approaching each edge 
from off the particular stream. The resxilts tabulated below are ex- 
plained as follows : — 

No. 36 : Since she found the one edge 12 ft. on the dry side of 
where No, 32 located it, and the second 8 ft. on the wet side she shifted 
the stream in position and made it 4 ft. wider. All diviners knew 
their father had found two streams. 



Stream 1. 

Stream II. 

Diviner. 



Width W.R.T.^ 



Width W.R.T.* 


Edge I. 

Edge 11. 

that of No. 32. 

Edge I. 

Edge 11. 

that of No. 32. 

33 

-3 

15 

18 

-18 

~4 

22 

34 

0 

9 

9 

^-18 

-2 

20 

35 

1 

3 

-^4 

Water 

in places 

from —30 on 

33 

-12 

B 

4 

2 

9 

-11 

37 ' 

No water in either streams or nearby either. 




* With regard to. 
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Results are shown graphically in Fig. 4. 

No. 37, allegedly a good diviner, had done no divining for 5 or 6 
years and could not be tested further. 

(v) Diviners Nos. 74 and 75 reported on the same three streams. 


■Stream of No. 74. 

1st Attempt of No. 74. 

2nd Attempt., 

3rd Attempt. 

No. 1 

5 ft. overshot 

Correct 

Missed 

No. 2 

Missed 

7' ripped over 
marker 

9 ft. overshot 

No. 3 

K5 ft. overshot 

Missed 

IS ft. overshot* 

No. 4 

Missed 

1 

I 


♦ Proceeding from opposite direction to that of first attempt. 


Experiment D. Type 1 diviners were asked by divining a water pij>e 
connected to the street main whether a tap out of sight was on or off. 


NO. 37 sm NO mrcN at all 

NO 3« < > NO 10 

NO 33 < -•"» NO 33 

NO 34 4- • 

NO 33 4 

NO If 4 . ---^NO> If 

ATMEAM II 


34 


NO 33 


NO 37 SNTS NO WATEf AT ALL 

NO 30 4 >N0. 33 

NO 35 SAYS WMTER fN flACCS ONLY AND ALL OVEN THft ONOUNP TESTED 

NO 344 >NO 34 

NO 33 4 »N0 33 

NO if 4 ' — »N0.3f 

Fig. 4 


Results : Diviner No. 6 : 3, 6, 5, 3, 6. 5 ; No. 7:7; No. 16 ; 4, 4 ; 
No. 19:6; No. 31 ; 4. 5 ; No. 43 : 2. 4 ; No. 44 : ; No. 50 ; 7. 4. 

Experiment E. Type II were asked to say whether a hidden bottle was 
full or enxpty. 

Results : Diviner No. 18 : 7, 4. 4 ; No. 23 : 6, 6 ; No. 26 ; 3, 6, 6 ; 
No. 39:6; No. 42 : 6, 5, 4. 7. 6, 5 ; No. 66 : 4. 7. 5 ; No. 67 : 6. 8, 5 ; 
No. 1 7 was asked in which if any of 5 places a bottle of water had been 
placed. Score : 1 in 5 ; Random Values 1 ; 5 per cent, level, 5. 

Experiment F, Some diviners claim the ability to determine the depth 
of water below the surface. At one spot Diviner No. 6 gave 51, 67, 60, 
63, and 130 ft. for the depth ; at another No. 57 gave 5. 9, and 10 ft. 
at another No. 61 gave 15. 10 and 12 ft.; at another No. 70 gavg 18, 21 
and 24 ft. Round drawing water from 98 ft. (water was also struck 
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at 32 ft.) No. Id gave 12, 18 and 46 ft. Over a main 5 ft. below the 
surface he gave 12, 3, 10, 3 and 1 1 ft. At a well 20 ft. deep No. 61 gave 
6, 6 and 7 ft. Working at a bore slightly downhill from one 31 ft. deep 
No. 71 said the first was 61 ft. deep. His friends allege it is 71 ft. deep. 
No. 29 depthed actual wells as follows : — 

Actual depths in feet : 56* 20 6-7 IJ 4-5 6 5 

Depth according to No. 29. 100 100-200 70 50 40 30-40 40 

* Water struck at 20 ft. in drilling. 


Experiment G. Odd tests. 

(i) Diviners Nos. 14 and 46 claimed to have the power to destroy the 
•divinability of a stream by placing an object over it. Tested on the 
presence or absence of these objects each scored 4. 

(ii) Whenever Diviner No. 15 believes he crosses a stream he staggers 
violently. In a demonstration he consistently staggered at different 
places. He was not prepared to undertake any tests apart from this 
■demonstration. 

(iii) Diviner No. 65 claims to distinguish between clean and polluted 
water — score 7. 


In all the above tests involving 10 questions “ yes " or " no ” i.e. 
those included under Methods B, D, E, and G, I tos.sed an equal number 
of times with a coin — heads, yes : tails, no. 


No. of Successes 

Diviner’s Score 

Tossing Score 
Calculated 
Expectation 


0123 4 5 6789 10 Mean Standard 


0 1 1 5 12 13 15 8 4 2 0 

0 1 3 7 10 12 21 7 1 0 0 

0 1 3 7 13 14 13 7 3 I 0 


Deviation 


5.3 

1.7 

5.0 

1.5 

5.0 

1.6 


Mineral Divining 


Twenty-eight mineral diviners were tested as fallows : — 

Experiment A. Eleven diviners were asked to pick out iron, tin, zinc 
and copper from a series of five test tubes. Results are summarized 
in the following table. 


Actual Substances 


Iron 

Tin 

Zinc 

Lead 

Aluminium 


Number of times identified as 
metal shown at top of column. 
Iron Tin Zinc Copper 
3 5 5 3 

5 4 4 > 5 

5 2,4 6 

5 2 5 2 

3 5 2 2 


The above table shows that in seventy-seven attempts at identifi- 
were eleven successful (i.e. those in itali|fs). In this test 
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the Random Value was 1 in 6. None of the diviners scored anything 
like correct results or agreed with himself in any second attempt. 

Isolated attempts by four other diviners to identify various metals, 
gave similar negative results. 

Diviner No. 10 identifies his samples mainly by beats. In the 
results below when a number but no metal is given for a sample, the 
sample gave that number of beats which does not correspond with 
anything known to the diviner. 


Actual Substance. 
Zinc 
Nothing 
Mercury 
Lead 

Vanadium 

Tin 

Magnesium 


Identified as. 

—197, 57, Mercury. 

Lead, Lead, —293. 

Mercury. Copper, Aluminium. 
Iron, Lead. 

Steel. 

Steel, 293. 

Steel. -159. 


Experiment B. Three diviners reported on mineral samples as fol 
lows : — 


Actual Mineral. 

Diviner's Identification. 
Diviner : No. 4 No. 8* No. Sf 

No. 9 

Iron 

I^ad 


Tin 

Tin 

Gold 

Gold 

— 

— 

— 

Mercury 

Tin 

— 

Zinc 

— 

Copper 

— 

Gold 

— 

Zinc 

Zinc 

Mercur}^ Ciold 

Iron 

Magnesium 

Iron 

Iron and 
Copper 

— 

— 

— 

Tin 

— 

— 

- 

Antimony 

Antimony 

(iold 

— 


— 

Silver 

Zinc 

— 

Magne- 

sium 

— 

Lead 

— 

Silver 

Silver 

— 


• 1st attempt, f 2nd attempt. 


In the above “ — ” means that no attempt at identification was. 
made. 

The above table indicates that one attempt out of 19 was completely 
correct and one partially correct. 

Random value 1 in 10. 

Experiment C. Several who divine only for gold were asked in which 
if any, of five positions a samfde was j^aced. 

Score in five attempts : — ^Diviner Noj 11:2; No. 12 ; 0, 1 ; No. 52 i 
1. Random value 1 ; 5 per cent, level 3. 

Asked in which of four pqsiticais. No; 12 scored 1 in 3 ; told that there 
might be none, orte ot two samples in 5 poations. No, 16 scored 2 in S. 
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Asked whether a sample was present or not, No. 74 scored 7, 3, 4, 4, 
and 5 in 10. 

Bxperinteni D. Three coal diviners were tested. 

Restdts IMviner No. 8:5; No. 63 : 3 ; No. 70 : 4. 

Experiment E. Eight diviners were tested on coins. 

Results : — Diviner No. 30 : 7 ; No. 43 : 3 ; No. 47 ; 4. 6 ; No. 59 : 5 ; 
No. 63 : 4. 4. 4, 4 : No. 67 : 4 ; No. 63 : 4 (for tin); No. 45 : 0 out of 5. 
No. 46 claimed to distinguish copper, silver and gold, but his efforts in, 
this direction were not successful. 

Miscellaneous tests. 

<i) In miscellaneous tests Diviner No. 5 scored 0 in 5 ; No. 6, 2 in 6 
(twice). Random Value 1 ; 5 per cent, level, 6. 

(ii) Diviner No. 39 was sent nine tubes each containing one of the 
following ; — Sodium chloride. Calcium chloride. Zinc sulphate. Mag- 
nesium sulphate or water glass-distilled from alkaline permanganate 
Avith nothing dissolved in it at all. Reporting on the mineral content, 
he found forty-one different substances including Sodium cyanide, 
Phosphine, Magnesium peroxide. Heavy Hydrogen and Heavy .Sulphur. 

(iii) Diviner No. 65 adopts the H. de France (1) Table of Beats. He 
twice tested six metals for their beats with the following results. (H. clc 
France values in brackets): — 

Aluminium : 6, 3, (not given) ; copper : 6, 3, (6) ; tin : 4, 3, (8) ; 
iron : 2, 2, (4) ; lead : 4, 5, (13) ; zinc : 4. 5, (5). 

Health Divining 

Eleven health diviners were tested. As far as possible only three 
patients were used : — 

Patient A. Healthy male aged 26, medically examined before and 
after the tests. Nineteen diagnoses by seven diviners gave him twenty- 
five different ailments. When diviners did occasionally agree on an 
odd ailment they usually contradicted one another as to its position 
in the body, e.g. the five diagnoses of T.B. located the disease in five 
different places. 

Patient B. Healthy male aged 24 was given twelve different ailments 
by five diviners in nine diagnoses. Most spectacular was the diagnosis 
of varicose veins in his wooden leg. 

Patient C. Female eczema case aged 15. Eight .^diagnoses by three 
-different diviners gave her nineteen different ailments. 

Patient D. Male aged 30 with stomach’ trouble. One diviner gave 
him ten other different ailments. 

Patient E. Male aged 50 with rheumatics. One diviner gave him 
ten other different ailments. 

Patient F. Female aged 65 vidth blood pressure, ^pne diviner gave 
her thanft other ailments. 

, 1 ,' J 
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Working on sputum samples from patients with chronic and widely 
different ailments, Diviner No. 2 grouped the papers according to the 
patients who allegedly supplied them. When told the fifteen samples 
supplied were three from each of five patients, he grouped them con- 
fidently but scored only the random value of successes. With a .second 
set of sputums, Diviner No. 2 selected three out of the fifteen samples 
as coming from the one patient who.se disease he diagno.sed as diabetes. 
The samples selected, however, were from three different patients 
suffering from (a) duodenal ulcer, (b) pneumonia and (c) heart failure 
and diabetes. 

Experiments with the following three patients show the connection 
between divination and homeopathy. 

Patient G. A female aged 80, wrote to Diviner No. 3 complaining 
of tiredness and frequent headaches, and enclosing a sample of writing 
from Patient A. The diviner diagnosed from the writing of Patient 
A, and sent Patient G, to homeopath -diviner No. 68. who found Patient 
G had exactly the same peculiar ailments as Patient A. No. 68 studied 
the heart, head, health and life lines in the patient’s hand worked out 
her astrological chart, studied her eyes, and finally checked the chosen 
remedy with the divining rod for compatibility with the patient. The 
diviner suggested that since Patient G's “ star had gone into the wrong 
house," she “ would have ill-health for the next twenty years.” 

Patient H. A male aged 24. has had diabetes for 18 months. On 
consulting Diviner No. 68 he was told (i) he was under the star of the 
heart and not the pancreas, (ii) there was, on divination, no trace of 
diabetes in him, (iii) nevertheless, again on divination, he reacted 
favourably to insulin and (iv) should break off insulin as soon as possible 
in favour of homeopathic remedies. 

Patient J. A male aged 45, and perfectly healthy went to another 
homeopath with a story of cancer of the rectum diagnosed medically. 
When the homeopath asked for a blood sample to send to Diviner No. 2, 
a sample was provided from a healthy post-mortemed rat. The diag- 
nosis was “ serious cancer." 

Some diviners claim skill as dietitians. One diviner’s patient is 
claimed to be “ ever so much better " since using the divined diet instead 
of that devised by a public hospital. ** He no longer needs insulin." 
Diviner No. 22 makes this comment on Patient A. “ cheese is doubtful, 
good and bad. You should have a lot more water, onions, egg yolk, gravy 
wholemeal flour, and treacle. Take a little more milk, coffee, pepper, 
beer, white flour, mutton, carrot, and no honey, salt, prunes or mutton 
fat . . . Yours is an iinusal test.” In one test Diviner No. 21 recom- 
mended this patient to sleep over daisies for his cancer. 

Diviner No. 10 is in a class by himself. In five tests from hand- 
writing on Patient A, a male. No; 10 declared that four different ailments 
were involved including "inability to become pregnant.” From five 
sputum samples from Patient C, No. 10 declared there were five different 
patients with a similar array of ailments. He also claims to tell possible 
uses for various remedies. Two per cent, acriflavine was supposed to 
cure thirteen such ailments as heart disease and dropsy ; chloretone was 
good for such things as syphilis and Parkinson’s diseases ; Nyal Bron- 
chitis Cure and ordinary tap water, each effective for about thirty 
different ailments. 
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Miscellaneous Divining 


Tracking. Many Diviners allegedly find people. In attempts to 
follow where a person had been on a lawn, Diviner No. 10 was decidedly 
unsuccessful. 

Ou ners, Many diviners claim to identify the owners of objects. 
In tests, Diviners Nos. 6, 7 and 20 failed. Further evidence against 
this type of divining is the failure of Nos. 2, 4, 10 and 20 to group ac- 
cording to owners the various samples of handkerchiefs, writing and 
sputum used in medical tests. 

Reminiscences. In tests Diviners No. 6 and 16 failed to recognize 
reminiscences. 

Currants and Gooseberries. Diviner No. 19 can allegedly distin- 
guish between these bushes. Score 2 out of 6 ; Random Value, 3 ; 5 per 
cent, level, 6. 

Sex. Three diviners were tested for ability to determine sex from 
photographs placed face downwards or from handwriting. Results : — 
No. 10 : 5 ; No. 54 : 4 ; No. 55 :'3. 6 ; No. 46 : 3 out of 8. Diviner No. 10 
when tested with eyes closed described one young lady as a male. He 
explained his apparent mistake on the ground that she had many male 
rays in her head. Working from photographs. Diviner No. 55 said a 
town, an island, and a war memorial were all ladies. 

Location of Persons and things. Diviner No. 54 was asked whether 
certain persons were on a north -.south or an east -west line from Dunedin. 
Score 5. No. 58 saying whether a handkerchief was cast or west 
of him also scored 5. 

Electricity and Magnetism. Since divinability is often held to be 
an electrical or magnetic phenomenon, many diviners claim to divine 
electricity and magnetism. Diviner No, 65 claimed the ability to tell 
whether a flashlight was, on or off — score 4, and to distingui.sh the poles 
of a magnet — score 6. No. 74 allegedly gets a reaction under power 
lines. Working with eyes closed as described in Methrid A for water 
he failed badly in five attempts with a telephone, and ten with a high 
tension wire. 

Summary of Tests Involving “ Yes " or No " in Ten Questions. 

The results of all such tests together with tossing and calculated 
values are given. 


No. of Successes 

Diviner's Score 

Tossing 

Calculated 


01234 5 6789 10 Mean Standard 

Deviation 

0 1 2 8 24 18 18 10 4 2 0 5.0 1.6 

0 1 5 II 14 18 28 9 1 0 0 5.0 1.5 

0 1 4 10 18 '?1 18 10 4 1 0 5.0 1.5 


Magnetometer Experiments. Franklin and Maby (2) official divining 
physicists, claim that over divinable water there ^ a variation of the 
earth's magnetic field and that there is a deflection in the direction 
taken up by a compass needle. Divinets>Nos. 2 and 3 maintain that a 
spinning top will destroy any m^etic field and with it the power of any 
object to be divined. Asked with eyes Closed, to say, by their power 
to divine a nearby object, whether a top was spinning or not, they were 
V^rrong as often as right. Magnetometer measurements showed that 
whether the magnetometer was over ordinary ground^ artificial streams 
of water, still water, or a diviner's water stream or gom seam, the values 
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of H (the horistontal component of the earth's magnetic field) were 
always the same. Needless to say spinning tops had no influence on 
the field of either the earth or a horseshoe magnet. A compass needle 
over an artificial stream showed no deviation whether water was present 
or absent, flowing or stationary. 

Table of Beats, As mentioned earlier, some identify metals and 
diseases by the number of beats given. 


Table I. Table of Beats 



Zn 

Cu Ag 

Pb 

Hg Sn 

H 

Ca 

Ni 

1. 

5 

6 7 

13 

12 8 




2. 

2 

-2 3 

-3 

—3x4 3x5 

1 

2x2 

3x3 

3. 

~2x2 

-2x5 -7 

17 

-159 -57 

3x3 

6 

4 

4. 


4x7 2x7 







Al 

Sb Ag 

C 

W Pt 

Mg 

Au 

Fe 

1. 



6 




4 

2. 

-3x3 

5 -5 

^11 

-13 17 

19 

7 

-23 

3. 

37 

-47 -79 


-43 -17 

127 



4. 






7 



In Table I, row 1 gives the official (1) number of beats ; row 2 those 
of the Mosley School of New Zealand diviners ; row 3 those of Diviner 
No. 10 ; row 4 those of No. 46. 

For diseases, Diviner No. 10 and the Mosley School differ likewise 
(Mosley values given first):— rheumatism —2; —3x3 and —3x4; 
eczema ; —4, —37 ; varicose veins ; -5, —5x3 ; asthma : —7, —3x0 ; 
catarrh : —11, —3x5. 

The Role of Suggestion, From the results given so far, it seems 
divining reactions are due not to any earthly radiations but to sug- 
gestion. Further proof is supplied by Diviner No. 6. As a result of 
tests he decided paper (»ver an object interfered with its power to be 
divined, and in control experiments, satisfied himself that his rod would 
not act if paper was over the object but would dfo so when the paper was 
removed. He was timed to see how long the rod took to start or stop 
moving after the paper was taken away or replaced. One set of ex- 
periments was done with eyes open ; the other with eyes closed. While 
the eyes open ” figures were constant, the “ eyes closed ” varied 
considerably. Mean deviations were 1 .1 and 3.4 sec. for “ eyes open '* 
and 0.75 and 15.9 for “eyes closed." 

Discussion 

Artificiality of Tests, While it might seem that the best way to 
test a water diviner is to dig where he divines, this method of testing 
is so expensive as to be impracticable. To test even one diviner ten or 
twenty holes, some perhaps hundreds of feet deep would be needed. 
One must not, as seems to have been done by Macfayden (3) and by the 
German Reich (4), draw conclusions from too few results. Where in- 
dependent residts of drilling are available (5, 6, 7) they are always 
against the diviners. 

In defence of the methods used, four points may be noted : — (1) 
Diviners have been invited to st^gest possible tests ; (2) in many 
cases, e.g. identifying metals, the tests used are strict adaptations of 
those used by the diviners themsdves in discovering the extent of 
their ** powers ” or i|k ^monstrating^ their prowess to admiring 
.audiences ; (3) careful control experiments checked that no diviner 
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was asked to do anything beyond his “ powers " ; (4) a fair testimonial) 
to the methods used was given by Diviner No. 1 who, asked to explain- 
the cohastent diviners’ failures, sdd : — “ Your tests are perfectly 
fair. Until I tried, I would have bet £5 to a penny I would have been' 
successful.” 

With reference to being blindfolded, or closing the eyes, it has been 
alleged "since one cannot drive a motor car successfully with eyes 
closed, neither can one divine.” It is noteworthy, however, that the 
diviners all reported definite results and were sure of them. In no 
diviner's results was there any constant error indicative of time lag-- 
results were all definitely random. Further, divining is allegedly done 
by the rod picking up rays — the diviner is there only to hold the rod ; if 
a substance cam be divined through hundreds of feet of rock, the added 
thickness of a bandage or eyelid should hardly interfere. 

How the Rod Moves. When the forked stick is held in the usual 
manner, there are in each limb two types of couple ; that type due to 
the force (H) with which the diviner’s hand holds the limb, and that 
due to the stresses in the rod. The resultant of the latter may be called 
T. For the rod to move, T must become >H. This may be the result 
of any or several of four types of usually unconscious and often un- 
noticeable muscular movements by the ^viner's hands. 

(1) The diviner may ease his grip slightly, i.e. H decreases. 

(2) The diviner may rotate his hands slightly about the wrists. Since 
palms upwards is an unnatural position in which to hold the hands, 
rotation is quite likdy to occur. As has been shown with an artificial 
pair of hands linked together (8), such a movement, however slight, 
gives a pronounced kick of the rod due to additional bending of the 
rod near the hands. The resulting couple adds to those already existent 
in the limbs. 
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(3) If the diviner’s hands are moved closer together, the curvature of the 
limbs near P (Fig. 5), and the forces there increase. 

(4) If the hands are moved further apart, the curvature of the limbs 
near Q, and the forces there, increase. 

In (3) and (4) there are two compensatory effects. As P increases, 
Q decreases, and vice versa. The condition for movement is that P+Q 
increases and becomes >H. This is shown clearly in Fig, 6. If AB and 
CD represent P and Q, then AMSNC represents the resultant (T) of the 
forces. Let KL represent H. Then when T > H, i*c. in AM, CN the 
rod will move. 

'Whether the rod moves up or down depends on its balance, or original 
position. An analogy is a bicycle resting on its wheels. When steadied 
it remains upright ; when it is not steadied, the direction in which it 
falls depends on its original position. 

Much is made by , diviners of the fact that the stick will break in 
their hands. As already pointed out (8) most breaks are not due to 
a torsion but to a bending movement. Of the several rods I have seen 
broken, the one torsion break was due to very great uneveness in a 
straight stick pushed into a loop. That this break occurred when the 
diviner was adjusting his grip, and before he started divining shows 
that even toriMon breaks may be due to the diviner. As far as breaks 
are concerned, while a torsion break is no evidence per se of the existence 
of occult forces, a bending break definitely indicates that the divdner 
moved the rod. 

The above discussion of the forked stick is applicable equally to the 
straight stick, held at both ends, and to the clock spring. The wire 
held at one end, and the pendulum, move simply because of fatigue 
and/or involuntary muscular twitches of the diviner. Trying to hold 
a pendulum still is like trying to ride a bicycle along a line. The more 
one concentrates, the more one w^obbles. It must be remenbered 
"The best diviners have a nervous di.sposition/* 
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Since 'this p^er was written, an article has appeared in the New 
Zealand Listener (8) explaining how to manipulate the straight stick 
held at both ends. 

Explanation of Diviners Successes 

Accuiacy in diagnosis may be due to good guessing — sa}dng an 
elderly person has rheumatics, or interpretation of physical signs, 
e.g. eczema, the homely boil, or the •' pop-eye ” of goitre or of course 
a prior knowledge of the patients medical diagnosis. 

“ Cures allegedly due to diviners’ treatment have also a natural 
explanation. In the firet place the cure may be due to natural causes 
e.g. a common cold will usually clear up of its own accord. One example 
of a cure due entirely to natural causes, is the case of No. 20 " curing ” 
his wife of “ skin cancer.” She is allergic to something in her husband's 
hay paddock and comes up in lumps on the forearm. He has divined 
the lumps as skin cancer and found dock leaves to be the antidote. 
Whenever the wife’s lumps appear, she dons her dock-leaf girdle and also 
keeps out of the hay paddock. The lumps are typical of allergy. 
Secondly the cure may be due to careful nursing and proper medical treat- 
ment. Another patient of Diviner No. 1 was cured of her arthritis 
not so much by St. John’s Wort-sleeping as by the treatment of the 
village physician. Thirdly the cure may be due to suggestion. A 
perfectly healthy Australian aborigine who is convinced an enemy has 
“ pointed a bone ” at him will die. Conversely, faith in one’s medical 
attendant — ^physician or diviner — ^will help greatly towards the cure. 
Finally there is the curing of a perfectly healthy neurotic woman of the 
imaginary ailment invented for her by the diviner. 

" Successful ” water-divining, too, has several natural explanations. 
In many parts, e.g. the Southland, Waimea, Taieri and Canterburj’ 
Plains, it would be hard to miss water. It is significant that while- 
diviners are numerous and objects of veneration in such districts, in 
hill country, where they would have to possess ability to get many 
satisfactory results, they are rare and objects of derision. If one could 
plot the distribution of New Zealand diviners, one would probaHy find 
that it followed roughly the probable distribution of sub-surface water 
as shown by Henderson in his map of the water-bearing strata (10). 

The position was fairly summed up by a Dunedin plumber and well- 
sinker who used to employ a diviner. The latter was right whenever 
working on the flat and usually wrong all other times. One of his 
few successes in hill country was when he divined a water supply for 
a medical man’s summer residence. Unfortunately, it was not found 
until the work was finished that the supply was the wastage from the 
neighbour’s septic tank. 

Such success as are met in hill country are due to the use of common 
sense, e.g. “ finding ” water where increased vegetation suggests its 
presence, or in valleys, or the mouths of gullies. One such ” success ’' 
of a prominent Otago diviner was thie prediclaon of vtater at the mouth 
of a gully on ground sloping gently from the hill to the Shag River about 
ten chains away and fifty feet lower dowif( 

“ Geological Common Sense ” will enable the diviner to predict 
not only the presence of water but also its depth bdow ground. In 
th|S Southern Wairarapa, for example, where water level is approxi- 
mately that of Lake Wairarapa, knowledge of the height of a particular 
place i^ve the lake levd indicates how deep one all} have to go to 
atrike 'Watet- . 
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One often meets the case of two wells A and B. A is undivined, is 
a failure and has gone dry ; B, divined, and sunk to the same depth, 
is a spectacular success. (The many cases of the converse are of 
course discreetly forgotten). Several explanations exist. First, any 
bore may silt up. Cleaning out the old bore is more efficient if less 
spectacular than sinking a new bore. Secondly, in drilling it is possible 
unwittingly to pass right through a water layer. Finally, it must be 
remembered that the dope of the water table is not necessarily that of 
the surface. A case at Oturehua in Central Otago 1700 ft. above sea 
level is interesting. Cross section of the strata is shown in Fig. 7. A 
bore was sunk at sixty feet at A until a hard shell bearing layer MN 
was struck. Water was then divined at B, a chain away and two or 
three feet higher up the hillside. On boring, water was struck at sixty 
feet at D. In the plane of the bores AEDB, the water table CD slopes 
more steeply than the surface AB. Had AE been continued through 
the shell layer MN, water would have been struck at C. 



Conclusion 

Divining has, throughout its history, been associated with superstition 
and magic. Minerva with his rod turned the aged Ulysses into a youth 
and back again to a man. The Roman Augur used his lituus or rod to 
" divine the future ; Cicero, himself an augur, says lie docs not know 
how two augurs meeting in the street could look each other in the face 
without laughing. The earlier Cornish diviners knew " the rod is 
guided to the ore by pixies, the fairy custodians of the earth.” Modern 
relics of superstition are the wide-spread use by healing diviners of 
niistletoe, the favourite plant of the Druids, and the use of urine for 
diagnosis, c.f. Shakespeare's derision of piddle-doctors: ” 

Divining has been debunked before. In a pamphlet by Ellis in 
1917 (11 ) it is said It is difficult to see how for practical purposes, 
the entire matter could be more thoroughly discredited and it should 



54 


The N.Z, Journal of Science and Technology (July 

be obvious to everyone that further tests of this so-called ^ witching [ 
for oil, water, or other minerals would be a misuse of public funds/’ 
However, iu view of the widespr^ead belief in divination in this country, 
and elsewhere, further investigation was necessary. 

It has been shown there are probably hundreds of diviners in practice 
in New Zealand to-day including at least fifteen medical diviners. These 
latter can do considerable harm. The farmer can be put to considerable 
expense by the water diviner by (I ) payment of his fees ; (2) unnecessary 
and fruitless drilling ; (3) having to pipe water from awkwardly-placed 
wells. Companies have been and are being floated on the diviners’ 
prospecting prowess. In the case of a Southland company, when finallyj 
no oil whatever was struck, the diviner apologetically announced he 
had mistaken coal for oil. One Taranaki oil company is at present 
depending on a diviner for its prospecting. This man, as accurate as 
any other diviner tested, claims to have proved that the main oil supply 
for California flows from Taranaki under Mt. Ruapehu. The bed 
shifting and manuka-sleeping antics of the medical diviner are exacting 
a toll of human suffering and death. 

Of the seventy-five diviners tested representative of all occupations 
and from all parts of New Zealand, not one showed the slightest accuracy 
in any branch of divination. That 90 per cent, of the diviners are 
sincere does not lessen the harm they do. 
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MIDDLE TERTIARY STRATA AT SMITE RIVER, 
LAKE HERON, NEW ZEALAND 
: By Brian Mason, Canterbury University College 

{Received for publication » 4ih August, 7947) 

Summary 

A small fault involved outlier in Smite River valley, close to the Main 
Divide, is described. Macro* and micro-faunal studies indicate that a con- 
densed section of shore-line, terrestrial and marine sediments of lower and 
middle Terti^’ age occurs at this locality, with the Waitakian (Upper 
Oligocene) missing. The lower Tertiary palaeography is briefly discussed. 

In 1873 Haast recorded the presence of fossiliferous Tertiary rocks in 
the valley of the Smite River (called Symthe River by Haast), which 
flows into the stream draining Lake Heron from the mountains .to the 
north-east of the lake itself. As no more recent description than that 
of Haast is available, and as this occurrence occupies a critical position 
close to the Main Divide and inland from the classical Mt. Somers 
district, it was re-examined in February, 1947. 

Access to the locality is by the Lake Heron road which terminates 
on the station at the outlet of the lake. The station buildings are 
situated on the broad fan of the Smite River where it flows from a narrow 
gorge-like valley into the broad intermontane basin, ^^^lere the river 
enters the basin its valley is cut in greywacke and argillite, and the 
Tertiary rocks occur about three miles further upstream, on the northern 
side of the valley. They cover only a small area, less than a mile square 
are poorly exposed, and are badly slumped. They are evidently deepl\' 
involved in the greywacke and argillite, but their actual relationship 
to these rocks was not visible. 

Haast gives a detailed account of the section, which was probably 
better exposed at the time. His description is as follows : 

“ The lowest beds consist of : 

<1) Dark greyish sands with small seams or streaks of shaly coal, 
the planes of divisions sometimes covered with crystals of selenite, 
thickness variable, from 30 to 60 ft. 

<2) They gradually alter to fine loose quartzose sands, generally 
white, sometimes with pinkish or salmon-coloured hues, about 
80 ft. 

i3) These are overlaid by dark brownish greensands, changing grad- 
ually to dark green tints, containing Pecten hochstetteri and Wald- 
hernia lentictdaris, strike 170®, dip S. to E. 42®, about 40 ft. 

<4) They become more arenaceous, and then change into shell sands 
full of teeth of fishes, identical in character with the Trellissic 
series of the upper Waimaksuriri .and containing Turitella (sic) 
gigantea, Pectunculus laiicosUttm, Crassatella ponderosa, Cucul- 
laea, about 35 ft. 

<5) These are capped by greyish sands, unfossiliferous, about 20 ft. 
thick, and which have been preserved from destruction by two 
beds of hard shell limestone, thickness about 4 ft., each divided 
by 6 ft. of sands containing many of the Pareora fossils. Besides 
those already named as occurring in No. 4, I observed the large 
Fusm $pino7gus and several species of Struthiolaria.^' 

From the exposures novt viable, Haast’s description of the sequence 
and of the nature and thicloiess of the appears essentially correct, 
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and there is' nothing to add to the description. The interest lies in the 
interpretation in the light of the standard Tertiajy succession and the 
comparison of the sequence with that of adjoining districts. 

The lowest beds exposed in 1947 were dark greensands and glau- 
conitic sandstone, evidently corresponding to Haast’s No. 3. The 
greensands contained LetUipecten hochsteUeri (Zittel) and numerous, 
brachiopods. Dr. R. S. Allan has supplied the following note on the 
brachiopods collected : 

Aetheia gualteri (Morris) 2 specimens 

Waiparia (?) ellipiica (Thomson) abundant 

Rhizotkyris sp. — dwarf species 1 specimen 

“This combination of species is distinctive of Duntroonian stage to 
which Waiparia (?) ellipiica (Thomson) is restricted. Aetheia gualteri 
(Morris) has a longer range but is always an adundant species in Dun- 
trooni'an rocks which contain brachiopoda.” 

Two samples from these beds were sent to Dr. H. J. Finlay for 
examination of their foraminifera fauna. He reports a similar fauna 
from each, containing Gyriodina allani Finlay, Sentivulvulina wai- 
takia Finlay, Guiiulina communis (d'Orbigny), Arenodosaria antipoda 
(Stache), Nonion pompiloides (Fichte and Moll), Notorotalia spinosa 
(Chapman), and Cassidulina afi. crassa d'Orbigny, indicating a Dun- 
troonian age. 

Thus the fossil evidence enables the greensand and glauconitic 
sandstone to l:e correlated with Duntroonian strata elsewhere. 

The sequence above these beds is obscured by slumping, and higher 
exposures consist of soft white and yellow quartz sands with hard con- 
cretionary bands containing mollusca, largely in a fragmentary condition. 
Samples from these beds were barren of foraminifera. These beds are 
evidently Haast’s No. 5. The following identifications of the mollusca 
have been made by Mr. C. A. IHeming, of the New Zealand Geological 
Survey : 

Nucula cf, nitidula (A.Ad.) 

Angulus (Paronidea) edgari (Ired.) 

Maorimactra cf. accuminella Fin. 

Maorimactra chrydaea (Suter) 

Scalpomactra biconvexa (P. and H.) 

Austrovenus h, sp. 

Notocallista ? 

Myadora sp. indet. 

Gari aff. stangeri (Gray) 

Conominolia ? aff. sulcatina (Sut.) 

Patelloida sp. 

Polinices cf. modestus (Marw.) 

Paroacmea ? sp. 

Taniella soda Fin. 

Maoricolpus n.sp. 

Struthioiaria subspinosa (Marw.) 

Struthiolaria tuberculata (Hutt.) 

SigapateUa sp. 

Maoricrypia radiata (Hutt.) 

Zelandiella cf. subnodosa (Sut.) 

Zeacutndnia n.sp. aff. pareormsis (Sut.) 

Pupa aff. (Hutt.) 

. Cylichmpa $p. 
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Mr. Fleming comments as follows on this fauna : A most tanta- 
lising fauna of shallow water facies making comparison difficult. Seal- 
pomactra biconvexa is Altonian and distinct from the Pareora Series 
cofUinm, but that might not be worth much. Ausirovenus is rare 
in the Miocene (the genus lives tidally or in water under two fathoms). 
The species at Smite River is like that from near the Mokau coal horizon 
taken at present as separating Awamoan from Altonian. There are no 
•older occurrences and the next higher is a different species from Wai- 
auan ? of Buller River. 

“ The Maoricoipus is not an exact match for the Target Gulley form 
but is no closer to anything else. The two Struthiolaria occur in the 
Awamoan, subspinosa going higher, and tuberculata being common in 
some of the “ Pareora ” Trelissick beds. Zdandiella occurs first at 
White Rock River, at present considered Awamoan, but it is not present 
in the Otago Awamoan.'’ 

From Mr. Fleming’s remarks it would appear that the most probable 
age for the beds containing this molluscan fauna is Awamoan or prehaps 
Altonian. 

The nearest Tertiary sequences with which the Lake Heron occur- 
rence can be compared are those at Redcliflf Gully (Speight, 1912) and 
in the Mt. Somers district (Speight, 1938). By these comparisons, 
and from the meagre fossil evidence the Lake Heron succession can be 
interpreted in the following way. 

Haast’s No. 1 evidently corresponds to the coal measures of the 
Mt. Somers district, which Speight puts down as Ngaparan, but these 
beds are very thin in the Lake Heron inlier. Haast’s No. 2 probably 
corresponds to beds of similar lithology in the Mt. Somers district, 
which there contain Bortonian mollusca. 

Nothing corresponding to the Ototaran marl of the Mt. Somers 
district occurs at Lake Heron, although it may be represented by beds 
of different lithology viz. sands. The Duntroonian greensands arc 
similar both at Lake Heron and in the Mt. Somers District, and Awamoan 
beds seem to be present in both places. The most significant difference 
between the succession at Mt. ^mers and Redcliff Gully and that at 
Lake Heron is the absence in the latter place of the (Waitakian ?) lime- 
stone, which is such a prominent member of the sequence in the other 
<iistricts. At Lake Heron too, the volcanic matter interbedded with 
and underlying the limestone is absent, although the dark greensands 
may be tuffaceous. The sequence is also considerably thinner at Lake 
Heron . All these facts, together with the extreme sandiness of the 
Lake Heron beds, suggest that this area lay close to the old land mass 
from which these sediments were derived in middle Tertiary times. 
Oscillations which caused little change in off-shore sedimentation may 
have raised the Lake Heron area above sea level and thus caused con- 
temporary erosion. It appears highly probable that land existed along 
the line of the present Main Divide in this area. The nearest Tertiary 
rocks on the far side of the Main Divide are those at Ross, about forty 
miles to the north-west of Lake Heron, where Gage (1945) has recorded 
greensand, calcareous sandstone, and limestone probably of Whaingaroan 
or Duntroonian age. These beds at Ross may represent deposits off the 
western coast of this old landmass, where^ tiie Lake Heron beds repre- 
.■sent deposits on the eastern! shore. In this connection it would be most 



58 Thk N.Z. Journal of Science and Technology (Jul 

interesting if beds of similar age were found between these two occui 
renccs. Tertiary rocks have been recorded from the ranges on th 
western side of the Lake Heron depression, and their detailed examinatio 
should yield pertinent facts aS to the local palaeogeography in middl 
Tertiary times. 
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CHARACTERISTICS OF SIX NEW ZEALAND MADE DAIRY 
WATER HEATERS 

By N. L. Maseyk, Dominion Physical Laboratory, Department of 

Scientific and Industrial Research, Lower Hutt 

( Keceived )nr puhlication, 7th July, H/47) 

Summary 

This report gives the results of measurements made on six difierent 
dairy water heaters manufactured in New Zealand. It aims to provide 
manufacturers with data from which the qualities of their heaters may be 
deduced, and to give to the Dairy Research Board data concerning the 
efficiencies of dairy water heaters being supplied to New Zealand farmers 
Several bases for comparison are provided m the statements of the 
efficiencies under different conditions and of the power required to maintain 
the boiler at an elevated temperature. An estimate of the performance under 
a specified set of working conditions is given. 

Finally an attempt is made to determine how much of the loss at 180 '’f. 
occurs through the insulating material, how much through the uninsulated 
surfaces, or by evaporation. 

'rhe information is given mostly in the form of tables. 

Meast^rements 

'Fhe boiler was placed in a chamber the temperature of which w^as 
kept between 40 "k. and 45^’r. and in which a fan produced a gentle 
flow of air. Power was fed in at the approximately constant voltage 
of 230. 

The main experiment consisted in measuring the time required and 
the amount of work, in watt-hours, necessary" to raise the temperature 
of the water through a given range, and in determining the power re- 
quired to hold the temperature steady at a finally selected value. 
Thermocouples were used to record temperatures and a commercial 
w"att-h<)ur meter to measure electrical input. 

An accuracy in the readings of I part in 100 was striven for and to 
this end temperatures were recorded to the nearest °f., electrical input 
to ,01 kwh. time to .1 hour and capacities to .1 gal. 

Additional measurements were made to ascertain the power re- 
quired to hold the temperature steady when such parts as taps, funnels, 
recesses for thermostats and heating elements in contact with the inner 
surface and also exposed to the air, were lagged with Linwool 2 in. thick 
(see Table I row 1 1 ). 

Finally, an estimate was made of the amount of water evaporating 
ip 24 hours. 

The accuracy of the method in these last measurements was such as 
to indicate only the order of certain inferences drawn therefrom. 

Basic Data 

Below are listed the few physical relationships which are required 
for calculations and interpretation of the results. 

Density of water. Very nearly 10 Ib./gallon. 

1 B.T.U. is the amount of heat required to raise lib, of 
water through 1°F, 

1 B.T.U. « .293 watt-hours. 

To heat 1 gallon of water through IOO'^f. requires *293 kWh. 

To evaporate 1 gallon of water at 180®f. requires the ex- 
penditure of about 3 kWh. 
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Table 1. Experimental Results 


Tests, 

Unit of 
Measure- 
ment. 



Heater. 



A. 

B. 

C. 

D. 

E. 

F. 

1 . Total Capacity of Heater. 

Gallons 

30 

28.6 

28.5 

27.7 

22.4 

20.3 

2. Volume above tap. 


24.9 

27.4 

21.2 

22.4 

17,5 

15.9 

3. Volume below tap. 


5.1 

1.2 

7.3 

5.3 

4.9 

4.4 

4. Mean ambient tempera- 
ture. 

‘’F. 

43 

43 

43 

43 

43 

43 

5. Initial Tenii>erature of 
Water. 

®F. 

80 

80 

80 

80 

80 

80 

6. Final Temperature of 
Water. 

°F. 

180 

180 

180 

180 

180 

180 

7. Input Power. 

Watts 

710 

750 

800 

750 

780 

610 

8. Time to Heat. 

Hours 

18.2 

14.6 

14.1 

14.6 

11.0 

12.5 

9. Energy Expended. 

kwh. 

12.92 

10.95 

11.28 

10.95 

8.58 

7.63 

10. Power required to main- 
tain temp, at 180®f. 
with ambient tempera- 1 
ture 43®f. 

Watts 

360 I 

230 

350 

310 

270 

280 

1 1 . Power required to main- 
tain temp, at 180®f. 
with extra insulation 
and ambient tempera- 
ture 43°f. 

Watts 

260 

210 

200 

290 

170 

200 

12. Evaporation in 24 hours 
at ISO^F. 

Gallons 


.1 

.6 

1.0 

Neg. 

.4 


Neg. =« Negligible. 


Performance Characteristics 

(a) Reduction of Data. 

The first basis for comparison is provided in the reduction of the 
experimental results to refer to the same input power. 750 w.. the 
nominal rating of most of the heating elements supplied, is arbitrarily 
chosen for this purpose. It is assumed that with the ambient tem- 
perature and the limits of the heating range unaltered; the mean value 
of the power loss is also unaltered, when the input power given in Table 
1 is changed by the small amount necessary to make it 750 w. 

Though the efficiency given in Table II row 8 is derived for an arbi- 
trary set of conditions, it yet gives a measure of the combined effects 
of size and quality of design on performance. 

(b) Heating in Limited Time with Optimum Power, 

For the heating-up period alone the efficiency will improve with 
increasing power input. However in use the heater will be required 
to deliver its hot water every sq often and then the optimum power 
i.s that which just brings the water to the required tem^ration in the 
given time. That this is so may be simply demonstrated as follows : — 

ABC, ADC, are the time -temperature graphs of any heater. AE 
represents the time after commencements heating when the hot water 
is required. 

In one case the water reaches the final temperature in time Ab and 
is rhaintained at this temperature for time bE. In the other it just 
caches the final temperature in time AE. 
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Table 11. Reduction of Data to Input Power of 750 w. and Comparison of 
Efficiencies for Period of Heating-up Only 



Unit of 
Measure- 
ment. 



Heater. 




A. 

B. 

C. 

D. 

E. ! F. 

1. Energy required to heat 
water from 80 ®f. to 
180 '’f. without loss. 

kWh. 

8.79 

8.38 

1 

8.35 

1 

8.11 

6.56 

5.95 

2. Energy * supplied while 
heating (see Table T. 
Row 9). 


12.92 

10.95 

11.28 

10.95 

8.58 

7.63 

3 Energy lost ~ (2) - (1). 

kWh 1 

4.13 

2.57 

2.93 

2.84 

2.02 

1.68 

4 Mean value of power loss. 

Watt.s 

227 

176 

208 

195 1 

184 

134 

5. Witli input 750 w. mean 
power available for 
heating. 

W’atts 

523 

574 

542 

! 

.555 

566 

616 

1 

6. Time to heat from S0 ®f. 
to IHO^f. with input 
power of 750 w. and am- 
bient temperature 43 '’f. 

- I 

Hours 

16.8 

14.6 

• 15.4 

j 14.6 

11.6 

i ' ■ 

I 

! 

9.7 

7. Energy expended in heat- 
ing from 80 ®f. to 180 ®f. 
with power input 750 w. 

kWh. 

1 

1 

1 

12.6 

i 

1 10.95 

j- - 

1 

1 11.55 

1 

! 10.95 

1 - 

8.70 

7.28 

8. Per cent, efficiency = 

Energy usefully expended (Row 1) 
Energy actually expended (Row 7) 

70 

j 77 

: 72 

1 

i 

j 74 

75 

! 

82 


The power losses along AB and AC are the same, say 1 w. The 
pow^r loss along BC is greater than this say (1 + m)w^ Energy lost 
while the water is heated along ABC is 1 .Ab + (1 + m) bli - 1 . Ah2 
+ mbE, 

Energy lost while the water is heated along AC — l.AE. Thus 
the loss is greater along any path ABC than along AC and the poicer 
used along the path A C gives the optimum power. 

Taking now the limits of the temperature range to be 80 ‘^f. and 
18()°f. as previously and the time in which the hot water is required 
to be 12 hours the optimum power and efficiency for these conditions 
are found in Table III, 

(c) Practical Operating Conditions. 

The efficiencies under a prescribed set of conditions are ev^uated 
in Table IV, and depend greatly on what conditions of operation are 
specified. 

In practice the heater would be refilled with cold water immediately 
after the hot water had been drawn off. The temperature and quantity 
of the hot water remaining below tap level, and the temperature and 
quantity of the water used lor refilling, determine the initial temperature 
of the heating cycle. 
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Table III. Efficiency undkb Optimum Power for a 12-Hour Heating Period 



Unit of’ 



Heater. 




Measure- 

.. 



— — 

— 

... .. 

— 


ment. 

A. 

P, 

1 1 

D. 

K. 

F. 

1. Energy required to heat 




j 




water from 80 ®f. to 
1«0®F. 

kWh. 

8.79 

8.38 

8.35 

8.11 

6.56. 

5.95 

2. Energy lost in 12 hours 








heating. Ambient tem- 
perature 43® F. 

kWh. 

2.72 

2.11 

2.50 

i 

2.34 

2.21 

1.61 

3. Total expenditure in 12 ] 




1 

1 


7.56 

hours — (1) -f (2). 

kWli. 

11.5 

10.49 

1 10.85 

10.45 1 

8.77 

4. Optimum Power — (3) 



i 




: 630 

12. 

Watts : 

1 

1 980 

1 870 

900 

870 

730 

5, Efficiency under optimum 

1 

1 ' 
1 

i 





conditions. Per cent. 

1 

! 76 

1 «o i 

77 

78 

75 

! 


Table IV. Performance under Working ('onditions 


1 

Measure- 1 
! ment. | 

1 1 

P. 

C. j 

1 

K. j 

V. 

1. Temperature of water im- 1 
mediately after refilling i 
tank with water at 60 ®f. j 

®F. 

80 1 

65 


1 

83 j 

86 1 

86 

2. Energy required to heat ! 
water up to 180 ®f. from 
temperature in (1) 

kWh 

i" 

8.79 

9.64 

1 

7.43 ! 

7.87 1 

6.17 

5.59 

3. Energy lost in 12 hours. 

kWh, j 

2.72 

2.11 

2.50 

2.34 , 

1 

2 .21 

1.61 

4, Total expenditure of 
energy in one 12 hour 
cycle =*■ (2) 4- (3). 

kWh. 

11.51 

1 

11.75 

9.93 

10.21 

8.38 

’7.20 

5. Optimnm power input -- 
(4) 4- 12. 

Watts 

959 

979 

828 

850 

1 698 

1 „ 

600 

6. Efficiency Energy re- 

quired to i 
heat avail- i 
able hot 

water from 
60® to 180® 

F. 

E n e r g y 
supplied in 
12 hours. 

' ^ Per cent. 

1 1 





i 



' 

i 

76 

82 

7s«: 

77 

1 

J 

74 

78 
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Table V. Losses dl’e to Various Causes 



Unit of 
Measure- 
ment. 



Heater. 




A. 1 

B. 

C. 

D 

E. 

F. 

l^ss through insulating 
material at 

^^'atts 

260 

200 

125 

160 

185 

150 

Lass from uninsulated 
surfaces at 18 ()"f. 

Watts 

100 

20 

145 

25 

85 

80 

Loss by evaporation at 
180V 

Watts 

Neg. 

10 

75 

125 

Neg. 

50 

J'otal Power J.oss at 
180®f. Ambient 'I'em- 
jxjrature 43‘^f. 

W'atts 

360 

230 

345 

310 

270 

280 


Neg. “ Negligible. 

Obviously losses (1) and (2) can be reduced only by attention 
to insulation ; loss (3) can be reduced by modification of the design 
of the tank outlet to reduce evaporation. 

The operating conditions chosen are as follows : • 

Ambient Temperature 43 '^f. 

Hot water temperature 180 *^f. 

Temperature of water used for 
refilling 

Draw off times Every 12 hours, say 6 a.m. 6 p.m. 

Amount drawn off All available hot water. 

Input jK)wer Optimum power for each particu- 

lar initial temperature and 
12 hour heating. 

(d) Losses. 

Some of the figures in 'I'able 1 enable an estimate to be made of the 
order of losses due to various causes. The most important of these 
are : — 

' (1) Loss through the insulating material. 

(2) Loss from those parts of the outer surface not insulated. 

(3) Evaporation. 

If the extra insulation completelj^ prevented loss from the surface 
covered by it, the difference between the maintaining powers at ISO'^F. 
with and without this additional insulation would give the loss due 
to this surface. 

The evaporation loss may be calculated directly from the measured 
amount of evaporation. 

Conclusion 

Under practical conditions the heaters are seen to require a minimum 
wattage to obtain efficient heating. An input of 750 w., with con- 
ditions specified in the text, is insufficient in all but two cases for the 
temperature to reach ISO^F. in 13 hours. Too low power is most probably 
the source of any complaint which may have arisen. 

The efficiencies are seen to be between 7(1 per cent, and 82 per cent. 
Had an upper temperature limit higher than I80 ‘'f. been chosen the 
defects in design would have become more evident and the efficiencies 
would have been lower. Tables IV and V show that the efficiencies of 
all makes can be improved by better construction and by a choice o| 
size and wattage better suitM to the exact purpose for which the heater 
is intended. r . 
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THE MEASUREMENT OF MILK VOLUME 
By W. G. Whittleston and S. A. Verrall, Kuakura Animal 
Research Station, Department of Agriculture, Hamilton 

{Received for publication » 2fith September, 1947) 

Summary 

A lat>our-savmg. milk-measuring and sampling apparatus is described. 

Tests showed it to be as accurate as the normal bucket and weighing 

procedure. 

Thk recording of daily milk weights or volumes is frequently required 
by workers investigating the problems of dair>" cow production. The 
])resent paper describes a method developed at the Ruakura A^nimal 
Ke.search Station. 

The only really accurate way of determining the production of a 
Jierd of cows is to record milk weight and percentage of butterfat for 
e\'ery cow at every milking. In New Zealand where the releaser type 
of milking machine is in general use, this involves the use of individual 
vacuum buckets, the contents of which must be weighed and sampled. 
Such a procedure is inconvenient as a vacuum bucket' upsets the normal 
running of a releaser plant and extra labour is required, thus making 
accurate recording of milk yields both laborious and expensive. 

Apparatus 

One method of determining the amount of milk delivered by a cow 
is to run the milk from the teat cups of the milking machine into an 
evacuated chamber placed on a spring balance, so directly measuring 
the weight of milk produced. This is the method employed in the 
Knglish Gascoigne Auto Recorder. During the war period we were 
unable to obtain spring balances of adequate accuracy, so that the 
direct weighing method was not developed but attention given to the 
direct volume measurement method. This has some advantages, par- 
ticularly when the apparatus is required to supply a well -mixed sample 
for analytical purposes. 

The apparatus to be described was designed to eliminate vacuum 
buckets on the floor of the shed, do away with extra handling of the 
milk, give an accurate reading of milk weight and take a satisfactory’^ 
sample (Fig. 1). Further, the operation is simple and almost auto- 
matic, thus making it possible to record milk yields without extra labour 
in the shed. 
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Fig 1. — ^Two milk-measuring and sampling units in position in the bail. 

The procedure in operating the apparatus is as follows : The milk 
flows from the droppers into the measuring cylinders where the weight 
is read off from a gauge glass when milk flow has ceased. By using 
water in the gauge glass, the reading is easy and accurate. The milk 
is agitated by a stream of air bubbling through it from the bottom of 
the cylinder, and finally the mixed milk is drawn off, a burette being filled 
by the milk on its way to the milk pipe. All the measuring cylinders 
are emptied by the milk pipe, the milk being bulked in the vat of the 
machine after passing through the releaser. The sample is held in the 
burette, to be drawn at leisure, while the next cow is milking. All traces 
of the sample are finally blown from the burette into the milk pipe 
before the next sample is taken. 

The following is a description of the new measuring unit : 

Fig. 2 shows the general layout of the device. Milk enters by tube (a) 
the flow being directed downwards against the wall of the can by slot (b). 
At (c) is a small draining well into which the bottom end of the drain 
tube (d) opens. The well is closed by the rubber stopper (e) which is 
removed when the cleaning operations are finished after milking. 
Tube (f) leads via the rubber loop (g) to the gauge glass tube (h). The 
top of the gauge glass opens into the main cylind^. The gauge con- 
nectttli; loop (g) is left full of water after washing prior to milking. 
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Fig. 2. — Schematic diagram of the device. 


This water causes no serious errors in measurement and makes the reading 
of the level much easier than by using milk in the glass tube. At (k) 
there is a ^ in. (approximately) air leak hole. The object of this air 
leak is to break up the milk-stream during the draining process. This 
results in turbulence in the valve and causes the burette to fill readily 
and uniformly. 
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All operations are controlled by valve (j), details of which are shown 
in Fig. 3. Fig. 4 shows a schematic sketch illustrating the action of 
the v^ve. The dotted line represents the port on the rotor ; the dotted 
circle represents the air leak hole in the rotor. The stator ports are as 
follows : — (A) Connects to the draining tube reaching to the bottom 
of the draining well (c) ; (B) connects straight through to the space 
above the milk in the can ; (B^) similar to (B) ; (C) connects to the 
sampling burette ; (D) connects to the milk pipe of the milking machine. 



B 



12 3 4 

Fig. 4. — Sketch illustrating the action of tlie control valve. 

The sequence of operations is as follows : — 

Milking position. 

In this case the vacuum from the milk pipe is connected to both 
ports B and while air is admitted through the leak to the burette, 
so enabling the sample to be withdrawn. The drain port is closed. 

Reading position. 

This shuts off the cylinder from the vacuum line. The object of 
this is to cut off the pulsations almost inevitably present in the machine 
vacuum supply and which tend to cause a slight swing in the milk level, 
so making the reading of the gauge glass difficult. In this position 
any milk retained in the burette may be drawn over into the milk pipe 
by opening the clip at the bottom. 

Agitation position. 

The vacuum is now connected to the top of the can while the air 
leak connects to the draining tube. This results in a current of air 
being bubbled through the milk producing enoi^ agitation to give 
thorough mixing*, Agitation for five seconds is adequate. 
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Draining and Sampling position. 

The vacuum port in this position connects simultaneously to the drain 
tube and the sampling burette while the air leak connects to the space 
above the milk. As the milk is drained off, a small fraction of it collects 
in and fills the burette. When draining is complete as judged from the 
gauge glass or a “ sight glass ’* on the drain lead, the valve is turned 
to position 1 when the sample can be drawn from the burette. 

General construction. 

The valve unit is made of cast brass with well-machined bearing 
surfaces. After many months of use no trouble due to leaks has been 
experienced. A simple retaining mechanism for the rotor consisting 
of a 14 G. brass wire spring, makes it possible to remove the rotor after 
cleaning, so ensuring adequate ventilation of the tubes between milkings. 
The burette and gauge tubes are of Pyrex glass. Earlier models had 
a paper scale fixed to the back of the glass and coated with cellulose 
acetate varnish. The later units have a scale engraved on the metal 
protecting frame which partly surrounds the glass tube. Scales must 
be individually calibrated owing to small variations in the diameter 
of the tinned copper cylinders. 

Operation 

ITnder normal milking shed conditions the device has proved quite 
satisfactory. Having the simple sequence of operations effected by a 
single valve it is possible for the normal shed-hand to operate it without 
difficulty. It is as accurate as the normal bucket and weighing procedure 
and there is no extra labour required above that involved in operating 
the normal releaser type of milking plant. Cleaning by filling with hot 
caustic soda solutions which are agitated by air admission appears to 
be quite satisfactory. In one experimental model, provision was made 
by an additional valve arrangement to drain the wash solution through 
the gauge tube, so cleaning it out thoroughly. This can be done by 
fitting a two-way tap to the top of the gauge, one connection being to 
the top of the can, the other straight to the milk pipe. As this is an 
additional complication it was cut out, a thorough cleaning being possible 
without it. 


Accuracy 

The test was carried out first by milking into the measuring unit 
and noting the gauge reading, and secondly by running the milk over 
into the normal vacuum bucket, where it was then weighed. The 
following data give the results of comparisons of the new technique 


with the bucket weighing procedure. 

Number of trials =52 

Mean for cylinder readings =8.306 lb. 

Mean for bucket weighings =8.295 lb. 

Difference between means =0.011 lb. 

Standard error of difference between 

means =0.016 lb. 
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Sampling 

In oMer to check the mixing and sampling mechanism of the measu- 
ring unit, samples from the burette and from the bucket into wliich the 
milk was run and mixed in the usual way were analysed for butterfat. 
The results of some of these analyses, expressed as percentage of butter- 
fat are given below. All samples were taken in duplicate and each sample 
was divided and analysed in duplicate. 



Percentage (Means of 


Butterfat 

45 trials) 

Cylinder — Sample 1 

5.160 

5.156 

2 

5.154 

5.280 

Bucket —Sample 1 

5.207 

5.234 

.. 2 

5.251 

5.224 

Mean for all cylinder tests 


5.188 

Mean for all bucket tests 


5.229 

Difference between means 


0.041 

Standard error of difference 



between means 


0.045 


Generally the results indicate that the device is as accurate as the 
normal weighing and sampling procedure. 
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THE OTAIHANGA FAULTED OUTLIER AND NOTES 
ON THE GREENSAND DEPOSIT. 

By E. O. Macpherson, New Zealand Geological Survey 
(Received for publication, 30th January, 1048) 

Summary 

A faulted outlier of covering strata, recently discovered near Para- 
paraumu, is described. 

Quartzites which occupy the lower part of the section are disconfor- 
mably overlain by 600-800 ft. of glauconitic sandstone of Whaingaroan 
age (Lower Oligocene) and may l^e of use as gannister. 

The quantity, accessibility and freedom from overburden, suggests 
that the glauconitic sandstone can be used commercially. 

The uses of glauconite as a source of potash in agriculture, and in the 
paint industry are discussed. 

Introduction 

An interesting outlier of Lower Oligocene greensand and older sedi- 
mentary quartzite was recently discovered in the hills miles north- 
east of Paraparaumu village. Fossil casts were found in the area by 
local residents, who communicated this information to the New Zealand 
Geolopcal Survey, and a search for fossils led to the discovery. Later 
the district was mapped by the writer, and this work revealed the 
extent of the glauconitic sandstone and sedimentary quartzite described 
in the following ^count. 
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Geology 


The area was mapped by pace traverse and cross bearings ; the map 
will be much improved if instrumental methods are used. The riwks 
were su^vided into four groups : (a) Basement arkose and argillite ; 
(b) Otaihanga quartzite ; (c) Muaupoko greensand ; (d) Otaki sand. 
The distribution of these rock units is slxown on the accompanying 
map and brief descriptions are added below. 
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(a) Basement Arkose and Argillite: 

This survey did not attempt to discover the complex structure or 
succession of the basement. Rocks rich in feldspar and quartz pre- 
dominate, with bands of argillite and rare dark brown to black chett 
layers. On the eastern part of the area the strike is north or a few 
degrees east of north, with the dip everywhere high and erratic in 
direction. Along the west side, attitudes in the basement are also erratic, 
and the beds are brecciated and contorted. The basement rock is 
faulted along this part of the area. 

A fine-grained, dark brown, decomposed dolerite was noted in the 
basement arkose, 10 ch. up the small stream that drains the western 
^ope ; this rock outcrops obscurely up the south slope of the stream, 
just at the break in topography. The outcrop is shown on the ac- 
companying map. A similar looking rock, but not specifically identified 
as igneous, was seen in the south part of the area, 6 ch. west of Otaihanga 
Woolshed and 100-200 ft. south-west along the slope of the spur. 
Possibly this igneous material was injected along the main fault that 
limits the area on the west ; it may be much younger than the basement 
arkose and argillite. 

(b) Otaihanga Quartzite: 

A major tmeonformity separates this group from the basement 
arkose ; here a long time-break is represented. The quartzite rests on 
deeply weathered basement and at the few localities where it is poorly 
exposed, the basement seems to have been planed ; however, exposures 
of the basement contact are nowhere well shown in the area. 

The Otaihanga sedimentary quartzite is a light grey, strong rock, 
consisting almost entirely of sub-rounded and angular quartz grains 
firmly cemented by secondary quartz. Very rarely there are lenses 
or layers not more than 2 in. to 1 ft. thick of well shaped, smooth quartz 
pebbles but these layers do not persist along the strike, and are more 
noticeable in the basal and upper parts of the quartzite section. 
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In places, especially at the upper contact with the overlying 
Muaupoko greensand, the quartzite is much stained with iron oxide. 
Generally, however, the mass of the rock is practically free from iron 
stain. Small lignitic shale fragments were noted in the upper part. 

The quartz grains are sub-angular, and from 0.2 mm. to 0.44 mm. 
long ; they generally have undulosc extinction and many contain minute 
inclusions. The grains are either welded or rc-cemented by secondary 
interstitial quartz. The sample microscopically examined was com- 
posed almost entirely of quartz, feldspar w^as not detected, and iron- 
staining was rare. 

The distribution is shown on the accompanying map ; the quartzite 
forms a prominent strike ridge along the eastern part of the area and 
weathers to ])romincnt sharp outcrops (h'igs. 1 and 2). The attitude 
can rarel\' be measured, but a few observations in the southern part 
show strike around 5^-10^ east of north, with dips of 45"^ -65® to the 
west, and this general attitude is assumed to apply throughout. Tlie 
distribution indicates a general south strike, with a tendency to swing 
to the south-west in the south. 

Tlirough the forested part of the area, the quartzite is difficult to 
tract*, but a prominent rusty limonitic band in the basal part of the 
<»verlying greensand helps to place the toj) of the quartzite there. 

The Otaihanga quartzite was dcj)Osited under rather special con- 
ditions during the late Cretaceous or early Tertiary, when the land 
was niucli reduced. 'I'he quartzite resembles the “ chinamen '* boulders 
and (]uartz grits of ('entral Otago, the grits and quartz conglomerates 
of the Miunner Beds (P. G. Morgan and J. H. Bartrum, 1915) and the 
<]uartzose conglomerate and grit of Parapara, Aorere Valle^^ and Quartz 
Kange (J. M. Bell, 1907). I'he Otaihanga quartzite may be a fluvial 
deposit, but this is not yet established and depends mainly on its simi- 
larity to the quartz sediments in the regions mentioned above, that 
an* either proven terrestrial sediments or thought likely to be so. 

riie age can only be placed by the overlying greensand as pre- 
Wluiingaroan (i.e., pre-lower Oligocene), but a disconformity separates 
the two groups. 

Sediments of this special facies do not occur in the lato-Cretaceous — 
lower Tertiary marine groups on the l^ast Coast, excepting along the 
foothills from middle Canterbury and southw'ard. It therefore seems 
more reasonable to relate the Otaihanga quartzite with the quartz 
grits and conglomerates of the Takaka-Collingwood region, where they 
alM> form the basal group, and are overlain by argillaceous limestone 
of lower and middle Oligocene age. 

(c) Muaupoko Greemand : 

A remarkable development of greensand discoiiformably overlies 
the Otaihanga quartzite ; at the section of reference, up the westward- 
heading branch of Muaupoko Stream, this group of beds is about 850 
ft. thick. The basal member is a prominent. ru.sty, limonitic layer, 
20-30 ft. thick, containing casts of mollusca and thin lenses and occasional 
pebbles of well-shaped quartz. Overlying this basal member are several 
4-10 ft. layem of weakly glauconitic fine-grained, grey sand, and silt 
with humic staining ; tliis in turn is overlain by the main section of the 
Muaupoko greensand. 
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Angular discordance was not seen at the contact, but as the latter 
is nowhere well exposed, there may possibly be an unconformity between 
the quartzite and overlying greensand. It is thought that If folding 
did occur it was slight, and the quartz pebbles in the basal limonitic 
member, the contrast in the sediments, and the sudden influx of the 
molluscan fauna are evidence for disconformity. 

At the section of reference, the greensand is not continuously exposed, 
and grey sand layers may break the apparent continuity of the thick 
greensand ; however, such barren, grey sand members, although searched 
for, were not observed. 

Alternating hard and soft bands that strike north and dip 45" -6(1'' 
west make up the section ; the harder bands stand out as strike ridges 
and the softer and more richly glauconitic form slight depressions. 

A second section poorly exposed was examined 3,(X)0 ft. north of the 
section of reference ; the greensand appeared to be about 600 ft. thick. 
Still further north, grey sand and mudstone layers are bedded with the 
greensand, showing lateral variation north along the strike. 

The Muaupoko greensand extends 6,500 ft. north, but along the 
northward exten.sion it thins to 200-300 ft. and the upper part of tlte 
section cuts out along a north-east thrust fault, which limits the group 
to the westward (Fig. 3). Outcrops are obscured in the north part by 
forest. 



Very many fr^ments of greensand were examined by hand lens 
and all appeared rich in glauconite, some loosely, others firmly cemented 
by quartz ; the cement was rarely lime carbonate. One sample con- 
sidered medium grade from field experience was concentrated by electro- 
magnet and found to contain 76.9 per cent, glauconite; the residue 
consisted of angular and sub-angular quartz grains. Some glauconite 
occurs as round smooth pellets which have a minimum of interstitial 
quartz cement and which may have been transported to the site of 
deposition. Much glauconite occurs, especially in the lower grade 
greensand, as interlocking angular grains of glauconite and quartz. The 
grains of quartz are sub-angular and not smooth. Glauconite grains 
shapej^^ internal casts of foraminifera were not noted. 




75 


1948) Macpherson— The Otaihanga Faulted Outlier 

AND Notes on the Greensand Deposit 

The percentage of potash was determined for three samples collected 
at random, but with the intention of illustrating low, medium, and 
high grade greensand. The results arc recorded below : — 

N. 880/1 N. 880/2 N . 880/3 . 

Potash (KjO) per cent. 5.47 6.05 5.76 

These percentages appear high, being about only 1 per cent, below 
the average of seven samples of pure New Zealand glauconite studied 
by Hutton and Seelye (1941) and higher than bulk samples (4.2 per 
cent.) from the Bracklesham Beds (Oakley, 1943, p. 25). Hutton and 
Seelye (1941) record that K 2 O content for fresh glauconite varies from 
4 to 8 per cent. 

The origin and conditions of deposition of glauconite have been 
much studied. Oakley (1943, p. 4) citing Hadding, records the fol- 
lowing : (jlauconite is always marine, always sub-littoral, and always 
a shallow sea formation which as a rule was formed in agitated water 
under decreased dej)osition of fine detritiLs ; it is most abundant after 
periods of negative sedimentation, is never formed in oxygenous water 
and is to a large extent allothigenous (i.e., not found where deposited). 
Probably glauconite is mainly formed between 10 and 100 fathoms. 

From the wwk of J, Takahashi (1939) it is likely that glauconite 
is formed by diagenesis, and that the material from which it is formed 
is variable ; clay, fragments of volcanic glass, opaline silica, feldspar, 
and micas are now known to form glauconite given the correct environ- 
ment. 

The Muaupoko greensand is thick and it seems necessar}^ to assume 
slow sinking with continued glauconiti/ation at the site of deposition, 
or bottom currents conveying the glauconite to the site of deposition 
from where it was formed. A proportion of the soft glauconite grains 
and jK*llets are rounded and smooth, with dull surface polish suggesting 
that they were conveyed by bottom currents. This by no means applies 
to all the glauconite in this deposit, much of which occurs as angular 
interlocked particles, as.sociated with quartz grains which are also quite 
angular and have no obvious surface polish. Seemingly this variety of 
grain was formed at the site of deposition. 

Several mudstone and silt samples from bands in the greensand 
were collected for micro-faunal analyses. These samples were all fnun 
about the same locality, which is shown on the map. One }'ielded a 
small fauna ; Dr. H. J. Finlay’s remarks are appended below. The 
macrofauna samples were collected from about the middle of the green- 
sand ; the upi>er beds may be still younger, possibly Waitakian (Aliddle 
Oligocene). 

(d) Otaki Sand : 

Kxtending along the north-west margin of the area mapped, are 
well consolidated sands, which are similar to sands described by G. L. 
Adkin (1910), and named the Otaki Sand by Cotton (1919). This 
group will not be discussed further. 

Structure 

The distribution of this outlier is mainly controlled by faults of 
various age. As noted, tlie attitude of the beds cannot be well observed, 
but from the regional distribution and measurement of a few bedding 
planes, the strike is approximately north with dips of 40^-65*^" west, 
with, perhaps, higher dips in the north part. The outlier can be regarded 
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as a block of basement arkose with its covering strata, rotated west- 
ward, along a north-south axis and limited to the west and south-east 
by faults. 

There is no clear section exposing the main fault that limits the 
Muaupoko greensand on the west, and whether it is a thrust or a tension 
fault cannot be stated with confidence. There is; however, a suggestion 
that the basement rock on the upthrow side slopes uj)-valley where 
the fault crosses Muaupoko Stream. There is also some evidence 
that this fault cuts across the strike of the greensand, making a low 
angle with the strike, and progressively eliminating upper members 
of the greensand. This evidence may indicate an upthrust fault with 
increasing throw northward. 

A north-cast trending fault, obscured by alluvium along the 
Muaupoko Valley, defines the area on the south-east. Apparently this 
fault is much later than the main thrust fault along the west, for it 
controls the north-west side of Muau})oko Valley and if j)rojected south- 
west it disrupts the Otaihanga quartzite. ICarlier movements, of about 
the same age as those of the main thrust fault, may have taken place 
along this south-east boundary. 

The north-east trending fault that defines the hills from tlie low 
country to the west is a regional fracture in this part of Wellington 
province. Mr. G, L. Adkin has recorded and described it in a recent 
paper not yet published. It extends for only' a short di.stance througli 
this area and is marked by fresh scarp facets, which some observers 
have ascribed to cliff cutting by waves. Apparently this fault disrupts 
the northern extension of the green.sand and quartzite ; a pre-Otaki 
Sand fracture, is accepted. Apparently it is tension fault connected with 
late Pliocene and Pleistocene collapse. 

A recent fault, trending north-east along Muaupoko Valley, was 
discovered by Mr. H. Gibbs of the Soil Bureau during his study of the 
s<nls. The surface trace is fairly distinct and shows an up-step of 10-20 
ft. on the north-west side (Fig. 4). 


Fk;. 4.--4>tefp westward dip on Otaihanga quartzite. 
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It will be noted that three faults of this area, the main west upthrust 
fault, the south-east boundary fault, and Gibbs's recent fault, althonph 
widely separated in time, all appear to be upthrown on the west and 
north-west. The fault along the north-west part of the area is apparently 
downthrown to the north-west. 



Jmg. 5 -\\'estward dipping quartzite controlling ridge. 
\’iew northward ; Otaihanga faulted outlier. 


l"SES OF CiLAUCOXITE 

(ilauconite has been used as a source of potash, as a fertilizer, in 
l>aint, and as a water softening mineral. The Muaupoko greensand 
has specially favourable advantages such as (a) substantial quantities 
relatively free from other contaminating miner^s ; (b) excellent opencast 
mining conditions, such as absence of overburden and height of glau- 
conite deposit above drainage level ; (c) its accessibility as it is only 
1 1 miles from Paraparaumu Railway Station and less than one mile 
from the main highway. 

The above favourable conditions indicate that research into some of 
the uses noted are justified. J. J. S. Comes of the Dominion Laboratory 
was, therefore, introduced to the problem and has done preliminary work, 
mainly with the object of making silico-phosphate fertilizer, by fusing 
dolomite, rock phosphate, and glauconite to make a citric soluble 
slag. He has kindly given me an account of his preliminary results ; 
they appear to have considerable promise. The research is stUl in 
progress, and he intends to publish his results when they are further 
advanced. 



Fig. 6. — Subdued surface on Muaupoko greensand, with po.sition of 
faulted west boundary shown. The distant ridges are of 
greywacke. (Photo, hy M. Omitey) 

Potash : 

(rlauconitc has never been an important source of potash, the world 
market being mainly supplied by water soluble potassium salts. Until 
about 1930 most of the world depended on a foreign government- 
controlled monopoly for supplies, but of late years high grade potassium 
salts were discovered in U.S.A. Since World War II, the very important 
world source of potash of Stassfurt, formerly owned by (jermany, is now 
included in the U.S.S.R. zone. 

During the period 1918-1919, potash was extracted from the glau- 
conite sands of New Jersey (Oakley, 1943, p. 18). The proce.ss used 
was to mix the sand with lime and water to form a cream and extract 
with steam under pressure in an autoclave for several hours at 2(X)®c. 
The product was leached with water to extract the potash as potassium 
hydroxide. The process is discussed in U.S. Patent 1234626 (Charlton 
and Kaolin Products Corporation), 

Other methods of extracting potash from glauconite were tried out 
in U.S.A. during the last war (Mansfield, 1922), and according to Oakley 
(1943) further experiments are now in progress in England. The time 
therefore may not be far distant when glauconite can be used as a com- 
mercial source of potash ; and in view of the present world potash 
control, countries deficient in potash reserves should study such possible 
sources as glauconite. 

Agriculture : 

In the south of England, Belgium, France, and U.S.A., greensand 
has been opencast mined for many years, and used locally as a fertilizer 
for hop fields, orchards, and market gardens ; it has probably functioned 
as a mild potassic fertilizer, Oakley (1943, p. 18) points out that many 
strawberry gardens are situated on the glauconitic Bi^cklesham Beds 
tfi Surrey, probably pwing to the practical experience of growers that 
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the strawberry thrives on the glauconitic soil. In Western Australia 
it is found that oranges thrive on outcrops of Gingin glauconitic sand 
(Simpson, 1934, p* 394), and in this country remarkable crops of potatoes 
are grown in the Willowbridgc district, on soils derived probably from 
the Waihao greensand. 

Generally, however, for most crops and soils, glauconitic sand does 
not give mucli obvious response, and the supposed beneficial effects 
on sandy and clay soils may be owing to an improvement in soil texture, 
rather than potassic response. Nevertheless the rapid weathering 
of glauconite to ** limonite on exposures of Muaupoko greensand 
shows that potash is jirobably slowly released and under suitable con- 
ditions may be available. According to Mansfield (1922, p. 129) only 
a very small proportion of the potash in glauconite is water soluble, 
not more than 0.06 per cent, in glauconite sand containing 7.72 per 
rent. KgO. Much doubt therefore exists if untreated glauconite would 
have sufficient fertilizer value to be transported. Field trials carried 
out in New Zealand in 1941 (Anon : N,Z. J. Aj^r,) on potash deficient 
soils produced no significant improvement. 

From these practical results and experiments, further research is 
required if we wish to find out what determines the av’ailabilit}?^ of the 
potash in glauconite. It seems probable tliat from such research, either 
here or overseas, that a method of treating greensand will be discovered. 
It is important for countries like New Zealand which have no better 
potash deposits. It also seems w'orthwhile to do pot ex])eriments 
and field trials with glauconite to learn just what varieties of soil and 
crops benefit from its use. 

Industry : 

Ground glauconite yields a pow^der of pleasing green hue ; but it is 
generally considered useless as a green paint pigment, owdng to its low 
refractive index, low tinting strength and low degree of permanence. 
ICxperiments to test its use for colouring tennis courts and landscape 
gardens showed that it lacked fastness on exposure to rain water. 

On exposed surfaces glauconite quickly weathers to a rusty coloured 
limonite (hydrated ferric oxide) ; if finely ground and calcined at various 
temperatures and air supplies, a rich red-brown pigment can be made, 
and a wide range of browms, reds, and purples can be obtained. 

Glauconite can also be used in its raw state as a substitute for green 
earth (celadonite) and used by paint manufacturers as an adsorbent 
or fixing base for aniline colours. Its liability to oxidation and dark 
colour are defects in this connection but it has been used as an adsorbent 
for green dyes in making distempers (Simpson, 1934, p. 394). 

Oakley (1943, p. 20) discusses interesting adsorbent tests using 
Knaphill glauconite and malachite-green. These tests show^ed that 
raw ground glauconite could adsorb 5-7 per cent, of malachite-green, 
and the filtered lime green with 5 per cent, dye proved fast on washing 
with water. The glauconite from that locality, at least, is a very 
suitable “ green earth ” for use in making lime colours. 

Formerly glauconite, concentrated from greensand and sold under 
various trade names, was extensively used for softening wat^ by base- 
exchange ; but now synthetic zeolites and carbonaceous zeolites, which 
have higher base-exchange capacities, are becoming widdy used. Treat- 
ed glauconite is still used, and an extension of the work commenced 
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by Comes (1941) is indicated. This work could follow the lines of 
gradings, cleaning, and chemical treatment, designed to give more open 
structure. Owing to its softness, glauconite is liable to di.sintegrate 
after repeated regeneration. At one time tha practice was to heat to 
700°c. to case-harden the grains. It is now known that heating reduces 
the base-exchange capacity, (Tngleson, H. and Harrison, A., 1941, 
p. 81) and the growing practice is to harden the grains by chemical 
treatment, which also enlarges the base-exchange capacity. 

According to Simpson (1934, p. 394) activated glauconite has been 
used in U S.A. for/' humanizing cows' milk for diet of infants and 
invalids. By passing the milk through a glauconite filter, about 20 
per cent, of the calcium is removed, this results in the milk yielding 
a fine and more easily digested curd. 



Fig. 7.— Looking south-west at Gibbs’s recent fault scarplet, 
Otaihanga Valley. (Phoio. by M. Ongley) 


Quantity of Glauconite : 

The occurrence and uses of glauconite have been discussed, but 
before closing this account it may be u.seful to give a rough estimate 
of the tonnage of greensand in the Otaihanga area. 

The following estimate is based on geological data and is of course 
subject to the disabilities attached to such estimates. If this is fully 
realized, such an e.stimate can be a useful guide. 

If we leave out the northern part of the Muaupoko greensand (see 
map), i.e., where it thins and has interbedded mudstone and sandstone 
members, and is obscured by forest, there remains a southern portion 
about 3,::K)0 ft. long where the greensand is fairly wdl exposed. In 
this part, two sections indicate an average thickness of 600 ft. of green- 
spd, apparently almost free from interbedded barren sandstone and 
dlt members. The average height of the deposit above drainage level 
is taken as 300 ft. These factors give a volume of about 22 million 
en. As moisture content, bulk density, and average weight per 



1948) Macpherson— -The Otaimahga Faulted Outlier 81 

AND Notes on the Greensand Deposit 

cubic foot have not been determined, there are no reliable data to convert 
tliis vdnitte into tons in jdace. If this mixture of glauconite and quartz 
is assumed to be sandstone (150 lb. per cu. ft. in place) the tonnage = 

3300 X eOO X 300 X 150 

40 million tons. 

2240 

As noted elsewhere the greensand contains 50-90 per cent, glauconite 
with 5.5 ]>er cent. K,0. 

, Silica Repr.\ctories 

Some layers in the Otaihanga quartzite are almost pure cemented 
quartz with no feldspar or other mineral contaminant and with prac- 
tically no iron staining. This rock can be classed as ganister, and could 
be crushed and moulded into silica bricks or sawn into blocks for furnace 
linings. 

Two samples (N. 880/4 and N. 880/5) were taken for analysis, and 
the Dominion Laboratory has kindly supplied the following results. 

Quartzites. 

N. 880/4 — G.S. 0/1, White sample. 

N. 880/5 -- G.S. 0/2. Reddish sample. 

Of the two samples collected by Mr. K. O. Macpherson, the white 
one. No. 880/4, was tlie more fully analysed, with the result : — 

Per cent. 

Loss at lOS^c. 0.28 

Further loss on 

ignition 0 . 57 

Total loss 0.85 

Further analysis is reported as percentage of ignited weight. 

Per cent. 

0.50 
1.65 
0.10 
trace 
trace 
0.35 

97.40 


100.00 


Requirenieuis of Gmister : 

U.S. Bureau of Standards recommends 97 per cent. SiO^ and n<M: 
much over 0.4 per cent, alkalies. 

United States Ge<4ci^;ical Supv^, qiecifies 98 per cent. not 
more than 1 .$ pet and Stiptalates that the material %nild 

cru^ to hne aRg#:imihtipQentsc 


A1,0, 

TiO, 

CaO 
MgO 
Alkalies 
(Mainly K,0) 
SiO, 

(By difference) 
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Depactoient of Mines, Canada (Cole, L. H., "Silica in Canada”) 
97 . 5 per cent, &0„ not over 1 . 5 per cent. A1,0„ nor over 9 . 75 per c ent. 
other impurities, ydth grains that are splintery, sharp and hetero- 
geneoM in, form and size. When moulded into brick and fired the 
material j^onld expand and swell without perceptible cracking. 

As far as chemical analysis is concerned, the above sample appears 
to satif^ the requirements reasonably well, with alumina very slightly 
on the ]^h ride. 

Nate ; 


In the case of the reddish sample, N. 880/5, where Total Loss on 
Ignition = 0.94 per rent. (cf. 0.85 above), the analysis, on ignited 
basis, compared as follows ■ 

Per cent. 


0 . 10 (cf. trace) 
0.55 (cf. 0.35) 

97.00 (cf. 97.40) 


Total lt,0, 2.35 (cf. 2.25) 

(Fe,0„ Al,Os, TiO,) 

CaO 

Total Alkalies 
(mainly K,0) 

SiOg (by difference) 

It would appear that the main difference here consists in slightly 
more ferric oxide, and decidedly more alkriies, but that the material, 
by chemical standards, is still suitable for a fairly good siliceous re- 
fractory. Microscopic examination of the powdered material suggested 
that the potash may occur in feldspar grains or in impure interstitial 
day rather than in mica or glauconite. 


W. A. Joiner, 

Dominion Analvst. 


APPENDIX 

Notes" on the Microfauna from Hill .J Mile South-east of 
Lewin’s Farmhouse. 1 1 Milks North-east of Paraparaumu 
By H. J. Finlay 

The original sample was collected from the mudstone (F. 6643) 
overlying the thick glauconite (G.S. 3374) and yielded the following 
species : — 

Anomalinoides fascialus (Stache) 

Arenodosaria antipoda (Stache) 

Cassidvlina suhgM>osa Brady 
CUndies Stiara (Stache) 

Cydammina ittcisa Stache 
Distxn^s scopos Finlay 
Egger^ cf. ihungia Finlay 
Epmddes eeifodorensis G. and M. 

GoHdrmm reussi Stache 
Gyremm Finlay 
No^saria U^gisotda d’Orb 

S. „ tfu^ynei Chapman (commony 
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The preservation of this small fauna is not good, and only short- 
ranging species in it is Uvigerina maynei. No RotaliaUna sidcigera 
(Stache) was actually found, but the probabilities are that the age is 
viniiaingaroan. A Duntroonian age is possible, but no specimens of 
Notorotalia either were found to check this. Other samples collected 
subsequently from the same and lower bands yielded either poorer 
faunas or nothing at all. 
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GEOLOGY OF THE PIKE RIVER COALFIELD, 
NORTH WESTLAND. 

By H. W. Wellman, New Zealand Geological Survey. Department 
of Scientific and Industrial Research, Greymouth 

(Received for puhlic'tti on, 14th Ociober, 1947) 


Summary 

A preliininary description and map is provided of a faulted outlier of coal 
measures and lower Tertiary marine beds on the crest of the Paparoa Range 
20 miles north of Greymouth. The coal measures contain several million 
tons of bituminous coal, but the area is not easily accessible. The additional 
information provided by the beds at the crest of the range is critical in the 
interpretation of the geological history of the district . Not only does the out- 
lier diow that the coal measures and marine l>eds once extended over the 
range, but by containing beds thicker than corresponding beds on the flanks, it 
shows that deposition was more rapid at the crest than at the flanks of what is 
now the Paparoa Range The total thickness was large, and this .suggests that 
the Paparoa Range was the site of a lower Tertiary geosyncline which has since 
turned itself inside out so that what was once the deepest part of the geosym- 
cline is now the axis of the range. Coal analyses support the stratigraphic 
evidence, the more deeply buried coal from the outlier being bituminou.s and 
considerably higher in rank than the sub-bituminous coal of the same age on 
the flanks of the range. The evolution of the coal field is illustrated by four 
cross sections, and coal analyses are given to show the change in the rank of 
the coal. 


Previous Descriptions 

Pike River Coalfield is the name here given to an isolated block of coal 
measures on the crest of the Paparoa Range about ten miles north of 
Blackball. The first report by Morgan (1911, p. 13) stated : ‘‘ From 
information supplied by Messrs. T. Thompson (Buller County Engineer), 
Low (Seddonville), and J. Parsons (Charleston), it appears that one or 
more thick seams of coal outcrop in the watershed of the Porarari River 
in the south-eastern part of the Brighton Survey District. The out- 
crops occur at elevations of 1,500 ft. to 3,000 ft. above .sea-level.” 

A more detailed description was given later by Henderson (1917, p. 
204). 

'* A small outlier of coal-bearing strata, consisting of conglomerate, 
grit, and sandstone, isolated by crustal movements and denudation, 
occui^ on the ditdde between the Porarari and Punakaiki rivers on the 
one side and the Big (Freeth) River on the other. Several outcrops are 
reported to occur in the Porarari fadl, and one seam, of which the portion 
is roughly indicated on the map (Geolo^cal map of Brighton Survey 
District), crops out near the crest of the ridge. • The writer had no oppor- 
tunity of examining this remote locality. The cosd-fragments noted in 
ft® Stream and the main south branch of the Porarari 

- lliyet indicate that the seams consist of bitmninous coal. Several 
s^tuaie miles of appamtly jioriaont^y disposed and probably litfle 
coal -measure i^rata ipavhwre exist, and as so» of the seams 
ate rented to be sA good thickness the area, in ^t« 

access, prolije ww&y trf commercial expiotation." 
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Fio. 1. — map «atf ’ cross section of Kke River 
coalilelcl. , 
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Account of Route Taken and Access 

During the weekend ending 17th March, accompanied by Mr. and 
Mrs. B. Tindale. I made a traverse of the Paparoa Range in order to 
visit the coalfield described above. A car road extends from Blackball 
along the east side of the Grey River to near the mouth of Big River 
where a branch road extends in for 4 miles, the first 2 miles of which 
are in good order. Big River was then followed for 4 miles to the 
junction of Pike Stream where we camped on the night of the 15th. On 
the 16th we followed Pike Stream for 2 miles beyond the junction of 
Saxton Creek ; up to this point travelling was easy and the creek bed 
could be followed. The upper part of the creek is rough and gorgey 
and we left the creek to follow a well defined ridge which leads directly 
to trig. Q, (Hawera) 3,890 ft. The bush line was reached at 2.30 p.m. 
I spent the rest of the afternoon examining the area south-west of the 
trig. We camped the night above the bush line a few chains east of 
trig. Q. On the following day we followed the main divide of the 
Paparoa Range for just over half a mile north of the trig, and then at- 
tempted to make our way down to the head-waters of a large unnamed 
southern tributary of the Porarari River, which for convenience will 
be referred t<) as Tindale Creek. Both sides of the headwaters of this 
creek are flanked by steep bluffs and it took 4| hours to reach the bed of 
the creek from the trig. I'he upper part of the creek flows in a wide 
open valley and travelling is good, but a mile from its head the stream 
enters a deep gorge through which it flow’s for 2 miles. It took 5 hours 
to negotiate this gorge. At the end of the gorge the stream takes a sharp 
bend and flows north-east for a mile along a wide open valley to join the 
Porarari River half a mile from the end of a formed track. The track 
was followed out to the coast at the mouth of the Punakaiki River 
which we reached at 9.30 p.m. 





, ’ 1^®- KiverCdalfield looldngnorth from trig. C,|;mile8 w«st 

Mt. Andewm. 
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Outline of Geology 

The geology of the district is illustrated by a sketch map and a cross- 
stxtion (Fig. 1). The economically important part is a gently east- 
dipping block capped by thick Island sandstone which extends for more 
than a mile south-east of trig. Q. 

The Island sandstone area shows distinctive vegetation and topo- 
graphy. Although only 3,(XK) ft. above sea-level and 500 ft. below the 
normal bush line, it is covered only l>v sub-alpine scrub and tussock. 
The surface is comparatively flat and the attidude of the underlying 
rock is clearly shown by the surface slopes. The outcrop of the Island 
sandstone block forms a high west-facing escarpment which extends 
almost without interruption from a mile north of Mt. Anderson to the 
head of Tindale Creek (See Fig. 2). Over most of this distance the 
escarpment is unscaleable, the only known routes being down a narrow 
cleft about half a mile south-west of trig. Q and along the ridge between 
Tindale Creek and the most northerly branch of Punakaiki River, 

The eastern boundary of Island sandstone is a major fault named 
Hawera Fault, upthrown to the east, which passes a few chains east of 
trig. Q and extends for an unknown distance to the north and south. 

The coal measures below the Island sandstone were examined only in 
the valley of Tindale Creek. Below the Island sandstone, and separated 
from it by a few feet only of quartz sands, is a seam of clean bituminous 
coal at least 12 ft. thick. The outcrop is in about the same place as 
c(»al marked “ coal seam reported on Henderson's map. 

Later Investigations 

liarly in 1947 the southern part of the coalfield was visited by Grcy- 
niouth members of the (Teological Survey and an unpublished account 
written by Mr. (L W. Patterson. The old formed track was followed 
from Atarau to an old hut near the headwaters of Moonlight Creek. A 
-^tiff climb through thick scrub separated this hut from the main divide 
of the range which was followed past Mt. Anderson to the south end of 
the coalfield where a camp was established. The total time taken from 
the end of the road, 11 hours, was about the same as by the more direct 
route up the valley of Pike River. Rain made it impossible for the 
))arty to do more than examine the south end of the coalfield where a 
complete section was measured through the coal mea.sures. 

Stratigraphy 

The following formations are exposed at and near the coalfield. 


Tertiary : 

Feet. 

Cobden limestone 

700 

Kaiata mudstone 

500 

Island sandstone 

50-1000 

Brunner Beds 

50 

Cretaceous : 


Paparoa Beds 

2000 

Hawk’s Crag Breccia 

0-5000 

Regional Unconformity 


Palaeozoic Undermass : — 


Granite md gneiss 

Gre5rwacfce, argillite and homfels. 
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Undermass 

Gneissic granite forms the lower part of Pike River gorge, and is 
^own by Henderson as widehing to the north and extending across the 
whole width of the Paparoa Range. West of the divide granite was seen 
only in the middle reaches of Tindale Creek about two miles from its 
junction with Porarari River. The granite shows complex but well 
exposed contacts. The greywacke to the west is changed to a dark glassy 
homfels ; and it is probable that granite extends west at no great depth. 
The greywacke to the east is brecciated but not contact-metamorphosed, 
and for this reason the eastern greywacke-granite contact has been 
shown as a fault on the map. 

Hawk's Crag Breccia 

Hawk’s Crag Breccia is well exposed for three miles in the lower and 
middle reaches of Pike River. For this whole distance the breccia is 
relatively uniform, a representative outcrop showing moderately well 
compacted sub-rounded to sub-angular fragments of greywacke and 
granite up to 6 in. The average size of the fragments is about 1 in. and 
about 75 per cent, are greywacke. The proportion of granite (including 
gneiss) to greywacke is far less in the Hawk's Crag Breccia, than in the 
gravels of Wke Kiver and granite appears to have been less exposed in 
Hawk’s Crag times than now. 

Boulders of conglomerate containing pebbles of ba.salt are not 
uncommon on both sides of the range. SimUar conglomerate forms part 
of the Morgan formation of the Paparoa beds in the Greymouth district 
and it is probable that the Morgan formation extends north to the area 
under discussion. 

It is not improbable that some of the finer conglomerates mapped as 
Hawk’s Crag Breccia are the time equivalents of sandstones and con- 
glomerates mapped as Paparoa beds at Greymouth, and a true correlation 
could perhaps be effected by detailed mapping of the basalt bearing 
conglomerates that are known to be confined to a single horizon a few 
hundred feet above the top of the Hawk's ('rag Breccia in the (keymouth 
coalfield. 


Paparoa Beds 

Paparoa beds are exposed on both sides of the Hawera Fault. To 
the east of the fault on the upthrown side they form the top of Hawera 
Hill (trig. Q) and extend for an unknown distance to the north. To the 
west of the fault they are well developed at the head of Tindale Creek 
and probably extend south below the Island sandstone escarpment 
almost to Mt. Anderson. ^ Tlie following section was measured just east 


of Hawera Hill : — 

Feet 

Conglomerate, 2in. greywacke and granite " 2 

Alternating sandstone and shale 100 

Sandstone and conglomerate 3 

Soft shale with minor sandstones 50 

Alternating sandstone and shale 80 

Sandstone and greywacke conglomerate ^ 30 
- , Greywacke basement ^ ‘ 
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The dip of the section is not regular throughout ; at the top it is 
20' south-east and at the bottom 45*^ north-east ; small faults are common 
and no coal was seen. Although many good sections through the 
Paparoa Reds must be exposed in the steep hillside below the Island 
sandstone escarpment, the section examined, on the south side of the 
headwaters of Tindale Creek, showed only the upper and lower parts, 
the middle })art being largely covered by huge blocks of Island sandstone. 
The lower part is separated from the greywacke undermass by Hawk’s 
Crag Breccia not more than 300 ft. thick and is similar to the section 
already described east of Hawera Fault. The middle part contains 
golden - 5 ^ellow arkositic sandstones and can probably be correlated with 
tlie Rewaniii formation of Greymouth. The upper 100 ft. is well exposed 
and shows predominately light coloured mudstones with minor sandstone 
bands and is similar to the Dunoliie formation of Cireymouth. No coal 
seams were seen in the Paparoa beds, but the section examined was so 
jxjorly exposed that even thick seams could well have been missed. 

Patterson measured the following section at the south end of the 


cr^alfield > ■ 

Alternating 3 ft. bands of mudstone and _ 
yellow arkositic sandstone with iron- 
stone concretions 200 

Mudstone with small sandstone bands and 

ironstone concretions 100 

COAL (Thickens to 7 ft. 2 chains north) 2 

Alternating sandstone and mudstone KX) 

COAL (thickens to 20 ft. to north) 12 

Alternating sandstone and mudstone 50 

COAL 4 

Sandstone with minor mudstone 100 

COAL 8 

Coarse sand.stone 50 

(Conglomerate of greywacke and (piartz, 2 

in., sub-rounded 50 

I’nconformity : Undermass, greyw^acke. 


Brunner Beds 

Brunner beds were seen only on the ridge between the headwaters 
of the Porarari and Punakaiki rivers, where they are no more than 50 
ft. thick and are represented by bands of quart?, sandstone and fireclays 
below' the coal, a coal seam at least 12 ft. thick, and thin quartz stod- 
stone l>etween the coal and the overlying Island sandstone. The 
following section was measured by Patterson at the south end of the 


coalfield : — 

Slightly calcareous medium sandstone Feet 

(Island Sandstone) 2(K) + 

Sandstone 5 

COAL with sandstone bands 3 

Sandstone 4 

COAL with sandstone bands 7 

Sandstone 2 

COAL 4 

Quartz sandstone 30 


Patterson also reports 25 ft, of clean coal in Brunner beds half a mile 
north of his measured section, 
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Island Sandstone 

The Island sandstone is the most conspicuous formation in the 
coalfidd» and is well exposed in both the escarpment and the back slope 
of tlxe block. The formation is at least 1000 ft. thick and remarkabl}^ 
imiform throughout, consisting of slightly calcareous medium brown 
muddy fine sandstone, with borings and scattered fossils. The following 
poorly preserved fossil casts identified by Dr. J. Marwick arc from a 
sample of weathered sandstone from the upper part of the Island sandstone. 

S.37/577 :=== G.S. 3608, Paparoa Range near bush line, vicinity of 
Trig. Q, Waiwhero S.D. Island sandstone or Kaiatan. 

Lentipecten parki Marw. 

LaevidentalUm sp. 

? Notocyaihus sp. 

The smooth surface of the back slope of the escarpment is due tn 
the overlying softer Kaiata mudstone having been stripped from it. 

Kaiata Mudstone 

Within tlie coalfield Kaiata mudstone was seen only at one i>lace 
in the extreme comer of the Hawera fault-angle depression where it is 
protected from erosion by resistant upfaulted greywacke to the east. 
It is a moderately hard dark brown-grey slightly calcereous muddy 
siltstorie similar to the Kaiata mudstone of the type locality in the 
Greymouth district, and harder hut othen\d.se similar to mudstone of 
the same age on both flanks of the range. 

Correlation and Rank of Coal Seam 

The coal seam, lying just below the base of the Island sandstone, 
can be correlated with a coal seam in the same stratigraphic position 
in other parts of Westland. The nearest of these is to the w^est where 
coal immediately below Island sandstone is known to extend north-east 
from the head of Lawson (Waiwhero) Oeek to Porarari River, ((ii^e and 
Wellman, 1944, p. 1 19). This seam is 20 ft. thick at Lawson (Waiwhero) 
Creek but thins to 3 ft. at the Porarari River, It is directly overlain by 
Island sandstone and rests directly on the greywacke undermass. Coal 
of the same age occurs 6 miles to the south at Garden Gully and P'itzgerald 
Creek, two small tributaries of Moonlight ('reek. At both these places a 
2(1 ft, seam is directly overlain by Island sandstone and rests directly on 
greywacke basement. Thick coal in a similar stratigraphic position is 
weU exposed in Smoke-ho Creek near Blackball 10 miles south-east. 
Although these seams have the same stratigraphic position and must be of 
the same age the following table shows that they vary considerably in rank. 




1 Formation, j 

j M. 

V.M. 

F.C. 

Ash 

S. : 

Rank. 

(J) 

Garden (hilly 

Brunner 

17. S 

46.5 

34.9 

1.1 

4.3 ’ 

8,0 

(2) 

Smoke-ho Creek 

Brunner 

4.9 

45.7 

47.1 

2.3 

4.8 

14.5 

(3) 

Lauson Creek 

Brunner 

1.1.5 

39.5 

40.2 

6.8 

n.d. 

9.8 


Punakaiki Hiver 

Brunner 

10.5 

41.0 

39.0 

9.5 

3.5 ; 

10.6 

~(S) 

Pike Kiver coalheld 

f j 

8.0 

17.2 

54.0 

0.8 

1.6 * 

20-22* 

(8) 

Pike River south end 

Paparoa 

1.7 

31.3 

65.2 

1.8 

n.d. j 

2(>-^22* 

(7) Coal peUWe 

IHuiakaiki Kiver 

i 

9.2 

35.2 

45.4 

JO. 2 

0.7 i 

12.2 


♦ Wcathertsd coal, tjpal assumed to be of same type as Brunner coal at 
and rank determined indirectly. ' 
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The coal rank classification used above is described fully in ( N, Z. 
GeoL Suro, Bulletin 45,) “ The Geology of the Greymouth Coalfield 
(now in the press). The rank of the coal increases with increasing 
thickness of the Island sandstone. The seams near the crest of the 
range (2, 4, and 5) are above rank 14 and are bituminous, whereas 
further from the crest (1 and 3) the seams are sub-bituminous. 

Kvolittion of Pike River Coalfield 

Although the Pike River coalfield is now an isolated outlier on the 
crest of the Paparoa Range it once formed part of an extensive sheet of 
sediments that extended west to Lawson Creek, south to the Greymouth 
c6alfield and cast to Garden (jiilly and Fitzgerald Creek. Its present 
isolation is due to erosion, erosion that took place during at least two 
distinct periods in the ])ast. Cotton, from a study of north-west Nelson 
peneplains, was the first to show that the Tertiary covering strata had 
been deposited over a much greater area than they now occupy and that 
erosion had stripped the once continuous cover from many of elevated 
areas. This is now generally accepted. At Pike River coalfield the 
argument can be taken a stage further, for not only did the early Tertiary 
sediments necessarily extend over the Paparoa range, but the sediments 
eroded from near the crest were thicker than those still preserved on the 
less elevated flanks of the range. 

It will be shown later that the Paparoa Range is a tectonic unit and 
has behaved as a tectonic unit in the past, both elevations and depressions 
in different parts being primarily related to distance from a central axis. 
Having sections exposed at the axis and on both flanks, it is possible to 
reconstnict something of its evolutionary^ history. Four stages have 
been illustrated by cross sections along a line normal to the Paparoa 
Range through the coalfield. The representation of the undermass, 
which is shown in each to indicate that it must have been deformed 
together with the covering beds, is (except for granite-greyivacke con- 
tacts) purely diagrammatic. On the east of the range, information is 
not available on the line of section itself, but has been projected on to it 
from (harden Gully, Intzgerald Creek, and Blackball, points respectively 
4, 5, and 9 miles to the south. The first stage (Fig. 3a) represents con- 
ditions after the deposition of the Hawk's Crag Breccia, Paparoa beds, 
and Island sandstone but before the deposition of the Kaiata mudstone, 
'i'he Hawk’s Crag Breccia is known to be a fanglomerate deposited close 
to its place of origin, very variable in thickness, and probably’^ filling a 
narrow depression in the undermass. It does not occur at Garden Gully 
or at Hawera Trig, and could not have extended there in Island sandstone 
times. The Paparoa beds are more extensive but did not extend to either 
Lawson Creek or Garden Gully where Brunner beds rest directly on the 
undermass. In contrast to these two formations the Brunner beds are 
thin but more uniform in thickness and must have been deposited on a 
surface that extended evenly over undermass. Hawk's Crag Breccia, and 
Paparoa beds alike. This even surface provides the best reference by 
which to measure later depressions and elevations. The fine even- 
grained Island sandstone shows no significant variations in lithology 
where now preserved along the line of section and it is reasonable on 
lithologic grounds to suppose that it once extended as a continuous sheet 
over what is now the southern end of the Paparoa Range, The thick- 
ness of the Idwd sandstone, where still preserved, shows that not only 
was the Paparoa undermass covered but that the tluckness of the 
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Evolution of 

PIKE RIVER COALFIELD 

Growth and Eversion al a Geofmcliae 


Fig. 3. Diagrammatic cross sections along the .same line of .section 
as Fig. 1, showing the growth of the geosyncline and the for- 
; . mation of t^e Paparoa anticlinal range. The vertical and 
; \ horizontal scales of these cross sections are equal. 
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sandstone increased towards what is now the crest of the range, for the 
exposed thicknesses increase from about 200 ft. at Lawson Creek to 
nearly 1(K)0 ft. at Porarari River reaching over KXM) ft. at the crest of the 
l^ange, and then decreasing on the east side to 500 ft. at Blackball, 1(X) ft. 
at Garden Gully, and completely disappearing before the Notown Bore, 
7 miles from the crest, is reached. The variations in the thickness of the 
sandstone are so regular and agree .so closely with the rank of coal that 
there is little difficulty in filling in the gaps and completing the cross 
section Fig. 3a. 

The next stage, that of maximum subsidence, is more hypothetical 
and depends in large part on depth of maximum burial deduced from 
coal rank. Study of Greymouth coal analyses showed a relation between 
analyses and depth of burial, this relation being obtained from bore holes 
and .surface .sections independent of stratigraphy, the method used 
l)eing described in full in Chapter 12 of A'./. GeoL Snrv. Hull. 4b (now 
in ])ress). The numerical values given for rank are proportional to total 
depths of burial, each unit rank representing 5(K) ft. increase in depth 
of burial. The coal analy.ses considered are all from the Brunner beds 
and the appropriate depth for each samjile is shown by Fig. 3b. The 
coal rank decreases away from the crest of the range and the maximum 
depths of burial consequently decrease accordingly, the Brunner beds 
being warped into a geosynclinal trough. The thickness of Hawk’s Crag 
Breccia, Paparoa beds. Brunner beds, and Island sandstone have been 
transferred from Fig. 3a. It will be noted that the I.sland .sandstone 
thickne.sses increase with increasing depth of the trough so as to partly 
fill the depression in proportion to its depth. The Island sandstone is 
known to be overlain by Kaiatan mudstone and by Cobden limestone 
^of Whaingaroan and Duntroonian age on both flanks of the range and it 
is reasonable to consider tliat these beds also once extended across this 
area. Sections through these two formations are exposed at Lawson 
('reek, Porarari River, and the measured thicknesses have been trans- 
ferred to this cro,ss section. As with the Island .sandstone the sections 
closest to the axis of the range show the greatest thicknesses. From 
this evidence it is possible to reconstruct the thickness of the beds filling 
the geosyncline up to the end of Duntroonian times. It will be seen that 
about 3090 ft. remains to be infilled, the time available being limited 
by the onset of the pre-Altonian orogeny. This orogeny is well marked 
over the whole of the West Coast where at least the Aw^amoan stage is 
missing from all sections so far examined, the position of the missing .stage 
or stages being marked by w^ell defined evidence for erosion. The three 
stages, Waitakian. Otaian, and Hutchinsonian represent the time interval 
between the Duntroonian and the orogeny. At Porarari River Wai- 
takian and Otaian are both represented by about KKK) ft. of beds and the 
Hutchinsonian, although eroded from this section, is represented to the 
north near Fox River by 500 ft. of fine grained beds. On the es^t side 
of the range at Fitzgerald Creek only Otaian beds of unknown thickness 
are known. These beds are all either fine sandstones or mudstones and 
show no evidence of a nearby shore line, and it is reasonable to consider 
that they also extended across to complete the infilling of the geosyncline. 
The stratigraphic evidence is not sufficient to check fully the evidence 
given by coal ranks, but does not dash with it. 

By considering the thickness represented by each Tertiary stage it 
will be noticed that the rate of suMdence increased to a maximum in 
Kaiatan times and then decreased. The rate of subsidence was slow 
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but uniforiTi in Brunner times, less slow and uniform in Bortonian times 
(lower Island sandstone) rapid and variable in Kaiatan times (upper 
Island sandstone and Kaiata mudstone) and then less rapid and more 
regular in the following stages preceding the orogeny. 

The next stage in the evolutionary sequence is the most difficult to 
reconstruct. At almost all places on the West Coast of the South Island 
the Southland Series (Finlay and Marwick, 1947) is known to have 
followed an erogenic period and to rest unconformably on older beds. 
At Fox River (Wellman, 1946, p. 228) the older Tertiary beds had been 
faulted and folded before this series was deposited but at most places 
the break is not conspicuous and our knowledge of the shore line is slight. 
However more is known along the line of .section where coal rank again 
provides a clue (already remarked upon by Henderson, 1917, p. 70). 
Coal pebbles are conspicuous in limestone (mapped as middle Miocene 
by Henderson but now known to l^e Altonian) near the mouth of Puna- 
kaiki River at the west end of the line of section. An analysis of one of 
these pebbles is given by Henderson and is included in the table of analy- 
ses (No. 7). Henderson suggested that this pebble came from near the 
Lawson Creek coal outcrop. The analysis shows that it is of higher 
rank than the Lawson Creek coal, and, as we know something of the rate 
at Which the coal rank could be expected to increase towards the axis 
of the range, it is ea.sy to find an appropriate origin for the pebble. This 
proves to be about a mile east of the Lawson Creek outcrop and i.s con- 
sistent with a reasonable angle of overlap. The Altonian overlap could 
not have extended down to the Brunner Beds or the undermass further 
to the east on the west side of the range for both coal mea.sures, Island 
Sandstone, and fragments of Kaiatan Beds are still preserved there. 
Moreover Altonian and Clifdenian beds on the east of the range show no 
coal pebbles and there is con.sequently no rea.son to suppose that the 
overlap extended down to the undermass on any part of that side. Still 
further east at Fitzgerald Oeek the Lower Tertiary sequence is known to 
extend up to the Otaian and this sets a downward limit for the Altonian 
overlap there. This evidence is sufficient to provide information for 
Fig. 3c, It will be noted that the geosyiicline that had subsided so 
regularly was bulged up on its western flank and that over a mile of the 
lower Tertiary sediments must have been stripped off during Awamoan 
time along this anticlinal axis. This .same uplift extended many miles 
north, for an overlap of soft Waiuan beds on hard Island Sandstone and 
coal measures with bituminous coal and semi-anthracite is known from 
upper Fox River (Wellman, 1946) and upper Tertiary beds (Waiuan) 
have been reported by Morgan (1915, opp, p. 198) resting on Kaiata 
mudstone near Waimangaroa. This second period of marine depositmn 
came to an end after the Waitotaran when the sea retreated and non- 
marine beds were deposited. The Kaikoura Orogeny followed and the 
land was again elevated, the softer and higher Tertiary beds eroded, 
and the land approached its present form (Fig. 3d). During this orogeny 
the east side of the old geosyncline was elevated and faulted so as tp 
produce a mountain range out of what was once a Tertiary-filled geo- 
syncline. It will be noted that the present elevation of the range bears 
a rough relation to the original amount of depression, the elevation being 
about a quarter that of the depression. Normally such elevation would 
be followed by erosion and all record of the original thick sediments 
destroyed ; but by a fortunate geological accident the* Kaiata mudstone 
and tpe thick Island sandstone have been protected from erosion in the^ 
^ fault/ of the Hawera fault. Since the geosyndinal phas^ 
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Paparoa Range has been turned inside out, the deeper parts of the 
geosjmcline now forming the crest of tlie range, while the margins of the 
geosyncline form the margin of the range. This major reversal can be 
conveniently termed eversion. 

It is a common occurrence for mountains to be formed from geo- 
synclines, but the Paparoa Range differs from most of the classical 
geosynclinal mountains in that its width is only 12 miles, while the 
total time of development was shorter, both geosynclinal sinking and 
<»rogenic uplift being confined to the Tcrtiaiy^ epoch. ’ •' 

Recommendations for Pcture Work 

The Pike River coalfield is a bituminous coal-bearing area of some 
importamc ; the Island sandstone covers an area of about l.l square 
miles, the dip is low. and the area is unlikely to be severely faulted. 
Before any important tonnage of coal can be considered proved the 
coal seam will have to be traced south along the foot of the escarpment. 
Access will not be easy for the prospecting party, but the work could 
probably be more easily done from the east than from the west side of 
the Paparoa Range. 

The later work done by Patterson has shown that the Brunner seam 
persists t<) the south end of the coalfield, and it is reasonable to expect 
that it will contain some 15 million tons of coal. The Paparoa seams 
reported by Patterson have been traced only a few chains, but it is 
likely that they will contain an equal amount of coal. All samples so far 
analysed are weathered and contain more moisture than the coal in from 
the outcrop. However it can be inferred with certainty that the coal 
will be bituminous, that in the Brunner Beds being similar to Wallsend 
coal and that in the Paparoa beds similar to Liverpool coal. 

Although the coalfield is on the crest of the Paparoa Range access 
to the coal, although difficult, is not impracticable from the east. The 
Brunner seam, about 2,(KK)-2,500 ft. on the west side of the coalfield, 
dips cast and will probably be no more than 1,000-1,500 ft. at the fault 
angle on the eastern side where the seam could be reached by a drive 
about a mile long driven from a point in the valley of Pike River 1,000 
ft. above sea-lcvel. Seven miles of road w'ould have to be constructed 
to connect the mouth of the drive to the present end of the formed road. 
Road constniction for the lower 4 miles would be acro.ss alluvial terraces 
and would be easy, but the upper 3 miles would be more difficult becoming 
progressively more so in the upper part of the River. 
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THE ORIGIN OF SALT PANS IN CENTRAL OTAGO 

By J. D. Kaeside, Soil Bureau, Department of Scientific 
and Industrial Research 

Summary 

Evidence is presented explaining the salt pans of Central Otago as 

having l)ecii formed by deflation where vegetation has been killed out by 

high concentrations of soluble salts. 

Profiles of some of the pans show solonetz structures. 

Pans, or shallow saucer-shaped depressions, are common features of 
Ihe Central Otago inteniiontane basins. They occur mostly on flat or 
gently undulating land surfaces where only a thin veneer of alluvium 
rests on salt-bearing Tertiary sediments, or where these sediments out- 
crop on the surface. They develop more rarely on rolling land surfaces. 

The pans are roughly circular to oval depressions ( I'igs. 1 and 2), 
flat floored, from 3 to 30 yd. across (average 8 yd.). 6 ft. 

<leep (average 4 ft.). The floor is mostly compact and cemented and 
ranges in texture from a heavy silt loam to a clay loam. In some pans it 
is covered with a layer of stones and in others with a layer of mixt‘d 
clay and stones. 

On some sloping land surfaces the i)ans show a conspicuous linear 
arrangement and appear to follow the lines of outcrop of horizontal 
Tertiary beds (Fig. 1), mostly sandstones with bands of impenneable 
gypseous and salt bearing clays. Some pans are congregated on terraces 
where the salt bearing clays lie close to the surface. There is a clo^e 
relationship between the thickness of the veneer of alluvium and the 
development of the pans. Where the alluvial cover on the surface of the 
Tertiary sediments is 3 ft. thick or less, pans are abundant (Mg. 2). 

Some 91 pans were counted within an area of 120 acres situated on 
a terrace composed of Tertiary silts and clays and covered with a 
continuous veneer of alluvium less than 2 ft. thick, some 2 miles .south 
of Gimmerburn. Where the alluvial cover is thicker than 2 ft., pans are 
less abundant, and where it exceeds 5 ft. in thickness they do not com- 
monly occur. 

The floors of the pans appear to correspond mostly with the level (jf 
the surface of the Tertiary sediments, particularly where the .sediments 
are impermeable. Where the uppermost sediments are coarse, the pans 
are commonly excavated somewhat deeper. The floors of many i)ars 
appear also to be supplied with water from perched water tables. It is 
possible that the floor of the pan stands at about the level of the perched 
acquifer. In the Stony Creek neighbourhood when water is <liverted 
from the upper reaches of the stream to irrigate fields lying to the south 
of it, pans scattered over adjacent fields, and previously dry, now fill with 
water, and others, flanking the stream, dry out almost entirely. The 
dampness of many other pans, where no irrigation has taken place, may 
indicate that these also receive water from perched water tables. Unles.s 
irrigation has augmented the ^ound waters, only a small amount of 
seepage water can perch on the impermeable beds which in places would 
. ap|»ear to form the floors of these pans. The seepage water is mainly 
s^ine and contains ifce sulphates, chlorides and carl^ates of calcium* 
tnagnei^iim and sodium- 
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Fu: 1, — Aerial photograph shov^ing a nuniher of pans on a terrace 
composed of Tertiary heels thinly veneered with alluvium. On 
the higher and better drained part of the terrace there are no 
pans. 


The pans were first tleseribed by Park fl905). In discussing the 
lands forms of the Alexandra district, he classified them as sink holes, 
but did not suggest how they might have been formed. He described 
them only in general terms and noted that they were associated with 
Tertiary clays which were covered with a thin skin of recent gravels. 

F'errar (1929), appeared to accept Park's view\ He considered that 
some of the pans were formed by the removal of material through 
downward drainage into underlying gravel beds, or into underlying 
Tertiary sediments by way of joints. Pie likened these to limestone sink 
holes. Others he regarded as watercourse meanders formed by the 
migration of the streams that fonned them, and cited the meanders of 
the Taieri River as examples. 

To avoid confusion, it may lie best to confine the use of the term 
** pan " to the shallow basins distributed indiscriminately over uplands 
as well as valley floors and clearly removed from natural drainage 
channels. Hollows in deserted meanders are thus better excluded. They 
have totally different characteristics. Although they may be well defined, 
the ancient meanders on which they He strongly point to an origin 
through the normal local overdeepening or scouring of stream channels 
(Fig. 3). 

Other Structures classed by Ferrar as pans are better regarded as 
ponds, e.g., a typical example of this type of pan has been formed by 
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the intersection of two banners ” of wind-borne material near Patea- 
roa. In the case of another pan of this type occupying a crateriform 
hollow in the schist, Ferrar actually qualifies his description by adding 
that it is a true rock basin formed by diirerential decomposition of the 
schist. 

The suggestions advanced hitherto to explain the origin of the pans 
are not altogether satisfactory. Although Park classified them as sink 
holes, be advanced no reasons for this view. The common mechanism 
of formation of sink holes is by the solution of limestones; but no 
limestones underlie any of the pans examined in Central Otago, nor 
are there any recorded among the st*<liments of the districts where the 
pans occur. 

Ferrar’s explanation that the pans are formed through removal of 
material by downward drainage into underlying gravel beds, a develop- 
ment of the sink hole hypothesis, is eijually unacceptable, for the pans 
are nowhere underlain hy gravels. On thick de|X)sits of gravels pans do 
not form. The thin veneer of alluvium on surfaces where the pans art‘ 
most plentiful is underlain by relatively imjiermeable Tertiary se<Hments. 
Ferrar's further assertion that the material may be removed by down- 
ward drainage through cracks into the underlying Tertiary beds is also 
irreconcilable with the structure of the pans. The cracks which appear 
in summer are shallow, and do not extend downwartl more than a few 
inches from the .surface. The draining of the material into the cracks 
would involve merely a re.shuffle of the surface. 



Fit:. 2.— Pans formed on a wide valley floor about 2* miles west 
of Ranfurly. The floor consists of heavy sediments awered 
, ‘ with a thin veneer of alluvium. 
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Fi<i. 3.~~\'alley of Wetherlmrn stream alKuit 5 miles from Gimmer- 
hurn showing deserted meanders. A few isolated hollows mark 
the course of the deserted meander in the foreground. 


It seems indisputablt* that the hollows must be destructional land 
forms (a constructional origin would require the surrounding land to be 
raised), and an origin through subsidence cannot be maintained. A 
<lestructional origin requires the agenc)" of either water or wind. Water 
may be dismissed as a possible agent, for the pans show no connection 
whatever with lines of natural surface drainage, and develop as well on 
ridge lops and uplands as on valley floors. I’Lxcavation by wind, however, 
involves no difficulties, and it is therefore suggested that they may be 
satisfactorily explained by deflation. 

The following tentative theory is suggested to explain the origin of 
the pans. The Tertiary setliments on which the pfins form are horizon- 
tally bedded, salt bearing, and contain many impermeable bands of clays 
an<l fine silts on which ground waters |>erch. The salt content of ground 
waters is thus steadily augmented as it percolates downwards through 
the salt bearing sediments. These saline ground w^aters are held by the 
first imptrrmeable band in their path, and may be fed to the “surface 
where the impermefAble band outcrops, there to appear as springs or 
seepages. If pans perch at shallow depths the water level may recede 
below the surface during the summer drought, and in this way soluble 
salts begin to accumulate in the topsoil and subsoil, and sometimes also 
on the surface on the ground. In time the vegetation is kille<l out over 
a small area. Where sodium salts are present, sodium clays are formed 
and in summer the soil cracks extensively. At the same time the surface 
exfoliates (Fig. 4), the exfoliated c^litst blows away, and the level of the 
surface is slightly reduced. The process may be an annual one or it may 
depend on a suitable sequence of seasons to bring the salt to the stitface 
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Fj(J, 4. — Floor of a pan in the Gimmerlmrn district showing 
exfoliation of a thin crust of the surface, and doming of the 
tops of Hexagonal structures. 


and there evaporate it. The nett result of several rei>etitions of the 
process, however, is that a small depression gradually forms. The rate 
at which the floor deepens depends largely on such factors as the degree 
of salinity of the perched ground water, the nature of the salts it con- 
tains, and the duration of its impress on the soil. But given a permanent 
source of salt, as the excavation proceeds the floor of the hollow 
approaches nearer to the .source of the salt, and there is less and less 
chance of vegetatiem covering the affected spot and halting the process. 

The average depth of 3 to 4 ft. indicates that at this level the pans 
become stabilised, and the deflation is reduced to negligible proportions. 
It is possible that this may be due to one or more of the following 
factors : — 

1. The eroding floor of the pan may be re<luced far enough to reach 
the heavy Tertiary sediments on which the ground waters are perched. 
If there is a constant supply of water the floor will remain damp for 
most of the year, and deflation will be arrested. Many pans of this type 
have been observed. 

2. Stones and gravels derived from the alluvial veneer through which 
the hollow was excavated may accumulate sufficiently to protect the 
floor from further deflation. Pans stabilised in this way are common on 
higgler terraces where they have been excavated through a thin veneer 
bf ancient stony greywacke alluvium. Park (1905) recorded pans whose 
floors “ lined with a layer of yellow cement-Mone ", probably 
t^nant$‘ of disintegrated “ Sarsen stones. 
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3. When a depth of 3 to 4 ft« has been reached the transporting 
power of the winil may be reduced to small proportions, and any loss 
of material from the floor may be balanced by the addition of drifting 
sand and silt which accumulate in the pans. 

It is possible that many of the hollows in dried stream beds may 
have been deepened by the same process as that which formed the pans, 
for many valley floors are slightly saline. However, as the process has 
been initiated by stream action the extent to which the water scoured 
holes in the stream bed have been further deepened by deflation is not 
easily estimated. 

Many pans possess structures closely resembling those characteristic 
of solonetz soils, On drying, the floors of the pans shrink and a network 
of cracks develops, breaking the surface into a mosaic of rude hexagons 
ranging from 4 to 9 in. in diameter. In many pans, especially some of 
the shallower ones, the rude hexagons show a w^ell marked doming. In 
some a layer of fine silica sand covers the fl(Xir to a depth of J to J in., 
but under this the clay kiams .show the same <loming. It is jxjssible that 
these pans represent an early stage in the solonetz i)rocess. 

The domed structure of the solonetz subsoils is thought to be caused 
by the alternate swelling and shrinking of clays partly saturated with 
sodium .salts. The sumtner shrinkage produces the characteristic pattern 
of cracks in which material from the .sides of the crack.s and from the 
surface of the ground may accumulate. The material lodged in the 
cracks prevents them from closing w^hen the soil wets and swells in 
winter. The extra volume of the swelled soil, however, still has to be 
accommodated, and accordingly the surface of each hexagonal pillar 
bulges upwards. The proces.s is intermittent and the various .stages show 
clearly as a series of steps on each dome. ( 1^'ig. 4.) The material which 
fills the cracks is supplied in a haphazard manner and not every crack is 
filled to the same degree. Consequently, the doming does not follow^ a 
regular pattern; some hexagons show’ conspicuous doming while others 
show little or none. 
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EARTHQUAKES IN NEW ZEALAND DURING THE 
YEAR 1947 


By R. C. Hayes, Dominion Observatory, Scientific and 
Industrial Re.search Department, Wellington 

{Received for publication, 2Sh July, IU48) 

Particulars of all earthquakes in the New Zealand region during the 
year 1&47, whose epicentres were determined, are tabulated below. 
The epicentres of these earthquakes are shown on the accompanying 
map, except in the case of seven shocks, which originated outside the 
boundary of the map. Distinctive symbols are used to denote accuracy 
of epicentre and depths greater than normal. The approximate iso- 
seismals for three of the most important earthquakes are .shown <m 
inset maps. 
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ill 

20 

22 08.9 

38,2 

178.1 


26 

16 09»’a 

45.0 

168.7 

111 

22 

20 23.2 

41.3 

173.C 

IV 

27 

18 25.4 

39.2 

178 2 


24 

23 54.7 

38,3 

176.9 


29 

23 47.8 

39.1 

1*78.4 

in 

27 

13 03.2 

39.5 

175.4 

IV 

30 

02 53.6 

39.3 

178.2 

ni 

27 

21 40.4 

3S.4 

176.5 


Apr. 





28 

23 13.5 

42.5 

173.2 

- 

2 

14 44.4 

37.-8 

176.2 


30 

08 44.2 

39.4 

175.6 

- 

2 

21 45.7 

39.4 

178 4 

in 

Feb. 




j 

3 

21 10.9 

39.6 

178.6 

in 

1 

08 45.0 

41.5 

178.4 


4 

01 38.7 

39.5 

178.4 

n 

4 

21 06.4 

43.2 

171.4 

V 

4 

12 28.7 

39.4 

178.3 

11 

4 

21 14ra , 

43.2 

171.4 

n 

7 

09 45.0 

39.5 

178.3 

in-:- 

4 

21 14.6 

43.2 

171.4 

11 

8 

09 30.7 

37.8 

177.3 

n 

5 

20 58.0 

38.8 

176.0 

-- 

10 

17 40.7 

39.5 

178.5 

n 

7 

21 I5ca 

43.2 

171 4 

in 

16 

07 <0.9. 

38,7 

175.8 

, ni 

- 8 

18 45 0 

43.2 

171.4 

V 

16 

07 31.8 

38.7 

175.8 

11 

9 

04 19.0 

43.0 

171.9 

ni 

16 

08 04.9 

38.7 

175.8 

in 

9 

12 55ca 

43.2 

171.4 

n 

16 

09 39ca 

39.7 

175.8 

ni 

9 

15 55ca 

43.2 

171.4 

TV 

16 

12 42.0 

38.7 

175.8 

in 

10 

; 19 25.5 

41,5 

172.2 

HT 

16 

13 30ca 

38.7 

175.8 

IV 

n 

i 07 04.3 

39.2 

176.0 


16 

13 45ca 

38,7 

175.8 

in 

15 

i 03 09.5 

40.7 

176.1 

— 

16 

14 47.2 

38.7 

175.8 

1 TV 

IS 

I 15 30.3 

40.9 

173.8 

V 

16 

20 59.8 

38.7 

180.0 


; 16 > 

2!2 03.3 

41.2 

174.8 

ur 

17 

01 27.5 ^ 

[39.2 

178.0 

xv 

17 

09 48.9 

38.1 

176.4 

JV 

17 

04 16.4 

39.8 

174,9 


23 

10 42,6 

40M 

174.7 

IV : 

19 

20 08.5 

37.4 

175.5 

IV 
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Origin Time 


. 

Max. i 

Origin Time 


1 

Max. 

(G.M.T.)* 

jipicentre : 

Felt 

((;.M.T.)* 

lipicentre : i 

Felt 





Inten- 

sity 

(M-M) 





In ten 
sity 
(m-m) 

1947 

h. m. 

I.at.9 

Oleg.l 

l.onR.K 

('leg.) 

1947 

h. m. 

Lat.S 

(cleg.) 

T^ng.K 

(deg.) 

Apr. 





J«iy 





20 

04 43.4 

39.9 

175.5 

TV 

5 

11 47.0 

38.9 

178.7 

111 

21 

23 11.3 

39.9 

176.9 

VI 

7 

04 18.2 

34.0 

178.0W 

- 

23 

09 45.6 

41.6 

175.8 

IV 

9 

18 11.2 

40.8 

172.9 

Ill 

23 

11 38.3 

40.2 

176.8 

IV 

11 

05 09.0 

39.8 

174.4 

HI 

23 

11 41.3 

41.0 

172.9 

n 

n 

18 55ca 

39.2 

177 5 

n 

23 

23 51 .4 

46.6 

169.0 

V 

n 

20 05.0 

41.1 

173.3 

— 

24 

09 26.2 

46.7 

169.0 

IV 

13 

19 58.5 

43.3 

171.2 

11 

25 

03 47.5 

40.9 

172.8 

IV 

17 

06 OOca 

40.9 

172.8 

11 

25 

04 11.7 

40.9 

172.7 

IV 

19 

08 41.5 

39.1 

177.8 

III 

26 

03 34 S 

41 4 

174.9 

I 

23 

07 31.4 

37.7 

178.8 

— 

27 

08 

45.0 

168.7 

1 

23 

16 51.1 

40.8 

176.2 

Ill 

28 

14 48.2 

40,1 

175.3 

V 

24 

11 :I8.9 

39.1 

176.8 

— 

28 

17 28.1 

40.1 

175.3 


30 

23 37.5 

39.9 

173.4 


28 

17 36.0 

40.1 

175.3 

V 

Aug 





30 

19 39.1 

40.7 

176.6 

IV 

2 

IS 46.9 

38.8 

177.3 

IV 

30 

22 52.9 

41.5 

172.0 

1 

o 

22 12.9 

38.5 

176.8 

IV 

Mav 





2 

22 40.0 

38.7 

176.6 

IV 

3 

05 11.4 

41.0 

176.1 

V 

2 

22 44.8 

38.6 

178.7 

IV? 

3 

11 29.7 

40.9 

175.8 

H 

3 

01 04.7 

41.2 

173.1 

- 

4 

02 11.9 

40.7 

174.7 

III 

6 

19 29.6 

39.2 

174.6 

11 

4 

17 30.2 

37.8 

177.0 

IV 

7 

09 32.2 

39.8 

177.6 


,5 

02 05.5 

39.5 

175.3 

V 

8 

05 32.8 

46.5 

186.5 


10 

11 56.8 

39.2 

176 8 

- 

8 

06 5().4ca 

46.5 

166.5 

> 

n 

07 50.6 

34,5 

178.5 

1 

8 

20 18.6 

46.4 

166.5 

s 

12 

03 17,8 

39.8 

176,2 


8 

20 25ca 

46.4 

166.5 

3 

15 

01 27 4 

31.7 

179.5\V 


9 

03 33ca 

46.4 

166.5 

3 

17 

07 06.6 

39.4 

178,9 

VI 

9 

03 46.7ra 

46.5 

166.5 

3 

17 

15 45.7 

39.4 

178.8 

V 

9 

05 33.4 

46.4 

167.0 

11 

17 

18 32.7 

39.3 

178.7 

- 

9 

06 23.9ca 

46.5 

166.5 


17 

21 26.7 1 

1 39,3 

178,8 

Ill 

10 

11 59.8 

40.5 

: 175.0 : 

IV 


21 35 3 

39.2 

178.7 

III 

10 

22 28ca 

38.5 

1 177.5 

111 

IS 1 

I 08 15.2 

39.3 

178,8 

IV 

14 

13 39.2ca 

46.5 

! 166.5 

} 

19 

i 12 12.5 

39.2 

178 5 

n 

14 

; 17 40.5ca 

46.5 

1 166.5 

3 

21 1 

19 02.1 

42.6 

172,5 

! IV 

14 

17 51.5 

39.1 

178.5 

IT 

2? 

15 01.0 

39.0 

178,7 

IV 

15 

22 34. lea 

46.7 

! 166.6 


22 1 

15 02.4 

39.1 

178.7 

* tv; 

17 

06 48.1 

40.5 

! 175.0 

IV 

22 1 

15 04.5 

3S.9 

178.7 

17 

08 .36.1 

I 41.2 

174.3 

III 

22 

15 24. S 

39.0 

178,5 

u' 

18 

11 46.6 

1 39.6 

176.1 

11 

22 

15 51,5 

39.0 

178.5 

f 

19 

12 02ca 

' 40.2 

176.1 

I 

22 1 

17 25.0 

39.1 

178.8 

V 

21 

07 40ca 

46.5 

166.5 

? 

23 

09 35ca 

39.0 

178.7 

11 

22 

05 42.9 

42.7 

173.0 

IV 

23 

12 16ca 

39,0 

178,7 

11 

22 

13 46.9 

38.3 

177.8 

V 

23 

18 35ca 

39.0 

178.7 

11 

22 

23 59.2 

38.3 

177.6 

VI 

24 

09 33.1 

39.0 

178,5 

IV 

23 

19 10.5 

41.1 

173.3 

5 

25 

19 05ca 

39.0 

178,7 

III 

24 

20 35.2 

38.8 

178.3 

i 

27 

09 54.S 

39,3 

178.9 

— 

25 

19 28ca 

42.8 

173.5 

IV 

29 

06 25.7 

39.0 

178.9 

IV 

26 

0.3 38.3 

38.1 1 

177.9 

V 

29 

19 05.3 

39.0 

178.8 

11 

£6 

12 12.5 

40.1 

174.9 

IV 

31 

15 36.7 

41.2 i 

172.2 

ill 

27 

13 37.8 1 

39.7 

179.2 

VI 

31 

18 31.2 

41.3 

174.2 

IV 

27 

16 20.9 

39.4 

179.3 

IV 

June 





27 

16 35.6 

39.3 

179.2 

— 

2 

13 54ca 

39.0 

178,8 

IV 

27 

16 37.9 

39.2 

179.3 

— 

12 

19 12ca 

39.0 

178.8 

m 

27 

16 41.5 

39.4 

179.3 

— 

16 

10 55.7 

38.4 

178.4 

VI 1 

27 

16 45ca 

40.2 

176,2 

Ill 

16 

11 00.4 

38.4 

178.4 

lU 

27 

17 32.8 

38.8 

179.3 

III 

16 

11 20.5 

38.4 

178.4 

n 

27 

23 47.1 1 

39.1 

179,3 


21 

17 27ca 

43.2 

171.4 

11 

28 

00 00.0 

39.7 

178.9 

11 

23 

19.42ca 

39.0 

177.5 

111 

28 

00 56.4 

39.5 

179.1 

n? 

27 

14 43.1 

40.7 

172.6 

in 

28 

03 00.7 

39.4 

179.0 

w - 

30 

16 15,0 

.38.9 

179,0 

IT! 

28 

08 12.8 

39.0 

178.9 , 

11 
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Origin Time 
p.M.T.)* 

Epicentre : 

Max. 

Felt 

OriKin T ime 
(G.M.T.)* 

Kpicentre : 

Max. 

Felt 



Lat.S 

Long.R 

sity 



Lat.S 

Long.E 

sitv ' 


n.. m« 

(deg.) 

(deg.) 

(M-M) 

IH4/ 

n. m. 

(deg.) 

(deg.) 

(m-m) 

Aug. 





Oct: 





u 

15 07.1 

39.3 

179,0 

11 

17 

20 28.8 

38.9 

175.9 

HI 

28 

17 10.5 

39.2 

176.0 


18 

13 00.3 

42.3 

173.7 ' 


28 

18 17.2 

40.2 

176.0 


20 

17 24.2ca 

41.7 

171.5 

IV 

29 

00 25.9 

38.7 

175.7 


22 

15 25.4 

38.7 

178.5 

IV 

30 

01 59.3 

38.8 

178.8 

11 

23 

13 54.0 

38.5 

176.8 

IV 

Sept. 





25 

03 33.1 

37.9 

176.9 

111 

1 

08 02.6 

39.7 

178.9 

Tl 

26 

09 28.8 

40.1 

175.6 

HI 

3 

08 19.6 

39.5 

175.9 

- 

26 

11 57.9 

39.8 

174.9 

IV 

3 

16 43.0 

41.9 

178,5 


27 

07 12.6 

38.0 

178.0 

HI 

4 

14 05.5 

39.8 

179.1 

Ill 

27 

07 30.4 

3«.0 

178.0 

III 

8 

01 16ca 

45.2 

169.2 

VI 

29 

09 40.8 

46.5 

167.5 

HI 

8 

22 00.8 

39.8 

179,0 


31 

00 50.4 

38.2 

176.8 


10 

09 30 

41.0 

175.7 


Nov 





11 

11 12.5 

40.2 

174.7 

IV 

I 

03 17.5 

38.7 

178.6 

11 

14 

14 35.0 

43.3 

171.5 

rv 

1 

13 25.4 

40.6 

173.1 


15 

09 14.2 

41.0 

176.2 

VI 

4 

09 07.8 

38.6 

178.8 

HI 

16 

14 47.2 

41.1 

172.1 


4 

09 12ca 

38.6 

178.8 

ID 

20 

13 12.9 

40.4 

172.8 


5 

19 .54.0 

40.1 

175.0 

n 

22 

09 53ca 

43.2 

171.5 

HI 

6 

03 .39.5 

44.3 

168.6 

V 

22 

10 43.3 

39.8 

174.0 

111 

8 

22 41,2 

39.5 

179.3 

IV 

23 

14 53,4 

43.2 

171.5 

ii 

8 

22 43.9 

39.6 

179.3 


23 

17 54.5ca 

39.3 

177.7 

H 

9 

02 04.6 

39.6 

179.7 


30 

02 .56.0 

40.2 

174.4 

1 

9 

16 02.9 

41.2 

175.1 

IV 

30 

05 .58.4ca 

43.2 

171.5 

HI 

15 

08 28.0 

39.1 

176.2 


Oct. 





18 

22 25.6 

44.3 

169.0 

HI 

1 

13 29.4 

41.6 

174.2 

H 

22 

04 56.1 

40.9 

172.8 

H 

3 

17 59.3 

39.2 

179,9 


23 

1 21 40.7 

41.5 

172.5 


9 

1 01 09.9 

38.8 

178.8 

Ml 

25 

1 18 43.4 

41.5 

172.3 

H 

9 

23 19.6 

40.5 

173.7 

HI 

25 

23 59.0 

.38.6 

176.1 

HI 

10 

04 15.4 

38.9 

178.9 


27 

05 25.8 

41.3 

175.8 

11 

12 

10 11.7ca 

37.3 

177.5 

IV 

Dec. 





13 

07 31.4 

44.2 

169.0 

VII I 

3 

16 37.5 

37.9 

177.6 

IV 

13 

08 07ca 

44.2 

169.0 

'o 

4 * 

20 46.6 

36.5 

177.9 

_ 

13 

08 18.4 

44.3 

169.0 

> 

5 

23 21 . 1 

35.5 

178,0\V 

. » 

13 

08 39.3 

44.2 

168.2 

'if 

6 

01 06.1 

42.0 

172.5 


13 

08 47.5 

44.0 

168.0 

? 

6 

19 35.6 

41.2 

173.4 

HI 

13 

08 51ca 

44.2 

169.0 

e 

10 

07 13.3 

41.8 

174.5 


13 

08 54.1 

44.3 

168.6 

V 

11 

10 ,59.2 

41.5 

173.7 

HI 

13 

09 21.4 

44.0 

168.0 

'J 

n 

11 20ca 

40.9 

172.5 

H 

13 

09 25ca 

44.2 

169.0 

i 

11 

14 20.6 

40.9 

172.5 

IV 

13 

09 55ta 

44.2 

169.0 

j 

12 

14 38.4 

40.8 

174.6 

1 

13 

10 08ca 

44.2 

168.7 

'i 

15 

13 17.4 

40.0 

175.2 

IV 

13 

10 Ilea 

44.2 

168.7 

p 

15 

14 21.1 

38.8 

176.3 


13 

16 11.5 

43.4 

171,2 

lii 

18 

07 10.2 

39.6 

175,9 

1 

14 

00 23ca 

44.2 

169.0 

? 

19 

16 04.1 

38.6 

176.6 


14 

01 lOca 

44.2 

169.0 

5 

22 

14 53.6 

39.4 

176.8 

HT 

14 

06 37ca 

44.2 

169,0 

> 

26 

02 40.2 

38.2 

176.9 

H 

14 

08 OOca 

44.2 

169,0 


28 

17 30.3 

40.6 

172,4 

V 

14 

09 OOca 

44.2 

169.0 

? 

29 

14 54.5 

41.4 

174.8 

H 

16 

09 02.2ca 

40.0 

174.8 

lii 

31 

17 08,2 

38.6 

177.8 

IV 

16 

11 07.7 I 

40.5 

174.5 

HI , 

31 

22 26.4" 

38.4 

175.8 



• G.M.T fCreenwich Mean Time) w Tih. OOm. slow on New Zealand 
Standard Time. 
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SOME FEATURES OF LAVA CAVES AT PENROSE, 
AUCKLAND, N.Z. 

By E. J. Searle, Auckland University College 
{Received for l^ublicaiiou, 2Srd March, 1948) 

Summary 

The occurrence of an cxtensixe system of lava caves at Penrose is 
recorded and the formation of some interesting lava-drip formations 
associated with them is described. 

The later effusions of lava from the Mt. Wellington volcanic centre 
took place from its eastern face and spread as a flood-like sheet as far 
to the north-east as the low hills of Tertiary s^mdstone on which the 
links of the Remuera Golf Club are situated. The flood then deviated, 
as earlier ones had done, into a low-lying area that extendeil as far 
southwards as Manukau Harbour where it added its material iu the 
building of a considerable lava field to which Mt. Smart, and, to a 
lesser extent, Mt. Richmond and One Tree Hill, also contributed lavas. 
It is not easy today to draw definite bountlaries between the flows 
emanating from these different centres, but it seems fairly clear that 
the uppermost flows from Mt. Wellington approached but did not cross 
the line of the Great South Road. 

The lava seems to have spread in a series of relatively thin flows by 
pushing out long and narrow tongues which advanced in amoeba- 
fashion over the lava field already built up by earlier extrusions from 
the same centre. The lava itself was extremely fluid, for although 
individual flows seldom show thicknesses greater than 20 feet they 
extend south-east for a distance of two miles from their source with 
a surface fall of only 50 feet. 
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On the south-west the main flood made contact with low sandstone 
hills to the south of Penrose, where the road follows the boundary 
between the lava field and the sedimentary terrain for some distance. 
From the vicinity of the Power Sub-station a narrow tongue of lava 
some 10 chains wide advanced for about half-a-mile southward towards 
the junction of Penrose Road and (Ireat South Road thus enclosing 
between it and the main sheet a basin of approximately 500 yards by 
300 yards in extent which was flof>red by older lavas from Mt. Wel- 
lington. 

Lava caves and collapse features almost certainly associated with 
caves beneath the surface are widely distributed in both the older and 
younger flows. Caves similar in type are by no means uncommon in the 
lavas of other of the Auckland volcanoes, well-known examples being 
those on Rangitoto Island, at Three Kings, and at Onehunga in the 
flows from One Tree Hill. Those described in this paper, however, are 
all associated with the southern lava tongue referred to above, and 
differ from any ot the others examined both in their extent and in 
certain peculiar features to be discussed later. 

The Penrose caves as they exist tcxlay represent only a small part 
of their former extent as is clearly shown by their dismembered char- 
acter and by the evidence of collapse general throughout the whole of 
the wide area in which they occur. The largest collapse feature is a broad 
chasm about UK) feet wide, 30 feet deep and nearly a quarter of a mile 
long which p«TSses up through the centre of the tongue of lava already 
mentioned. Its floor consists of jumbled blocks of basalt and its walls 
are steep breaks or masses of fallen blocks with the oj^enings of 
caverns in sevenal places. On the surface of the flow and trending 
parallel with the edges of the chasm are several lines of dislocation 
showing up either as open fractures, one of which is nearly a foot across, 
or as bands two to three feet wide consisting of broken basalt blocks. 

At its southern end the collapse trench In^comes far more complex, and 
its form has Irhti considerably modified by quarrying operations in a 
number of places. At least eight caves have their entrances in this 
southern part of the collapsed area where the upjjer surface of the flow 
is exceedingly broken by troughs and by pits, at least three of which 
pass down by narrow shafts into caves beneath. It wT)uld thus appear 
that the greater part of the southern end of the lava tongue concerned 
has been completely imdcrmined by a network of caverns and tunnels 
and that the roof rock has in large part collapsed, filling in most of them 
and leaving only a small remnant of the former network as oi)en caves 
today. 

Two of the caves are described below and are fairly typical of the 
rest. 

Ghssxvorks Cave 

Map ref. 337536, Tamaki Sheet, N.Z.1/25,000. 

The main entrance to the cave is through an opening 25 feel wide 
and 5 feet high in the south-westerly face of a quarry-enlarged collapsed 
area situated behind the factory of the N.Z. Glass Manufacturers' Co. 
Pty. Ltd., Great South Road, Penrose. The top of the entrance is about 
15 feet {^ow the general surface of the lava flow and its bottom is 
roughly level with the roof of the larg^ diamber to which it gives access. 
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This latter trends nearly north and south for 90 feet, has a maximum 
width of 30 feet and a height of 15 feet. The original floor is covered by 
large Mocks which have fallen from the roof and walls and the roof 
consists largely of basalt broken into irregular and angular blocks by 
joint planes* Near the entrance, however, the roof is not so broken and 
is there made of slaggy scoriaceous material showing flow-streaking on 
its surface which clearly represents the under surface of a lava flow. 
Beneath this surface, on the south side of the entrance, thcre^ is thin 
layer 4 inches to 5 inches thick of a red, partly-baked but friable tuff, 
an a.ssociation that is repeated almost everywhere this lower surface of 
the upper lava flow is exposed. It appears, for example, at the southern 
end of the main chamber of the cave now described where a side- 
opiming leads upwards into a small upper grotto about 12 feet high and 
the same in diameter. At this point, loo, the cave branches; the main 
cave continues southwards for a further 20 feet and the floor then rise^ 
on the steep slope of a rockfall to the bottom of an open vertical shaft, 
30 feet high and 7 feet wide at the top. Further original extension to 
the south is clearly shown by collapse on the surface, but, debris that 
fell when the shaft was formed has caused a complete blockage. 

The other and much smaller branch originates from the main chamber 
near the base of the shaft and bears off in a westerly direction ; it is 12 
feet wide and 5 feet high near its opening, but soon narrows to a width 
of only a few feet. It can be followed for a distance of 50 feel while 
Its floor descends continually and finally drops abruptly into a pit 9 feet 
deep and 12 feet wide. The bottom of this pit, like that of the passage, 
is deeply covered with fallen blocks, while falls of rock have also copic 
from the roof, yielding a dome with its ceiling about 6 feet higher than 
that of the passage. The lateral cavern continues on the other side of the 
pit but it is too narrow and its roof t(K> dangerous to peniiit examination. 



Fig. 2.- -Profiles of lava csuvcs situated east of tfe glassworks, 
Penrose. 
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The sketches of Fig;. 2 give some icleii of the profiles of the main 
chamber and of the side cavern. 

Caves near Poiver Sub-station 

This group of caves is located just below the first pair of closely- 
placed pylons on the east side of the Penrose Power Sub-station (map 
ref. 337542, Tamaki Sheet, N.Z.1/25,000) and is almost at the head 
of the lava tongue referred to above. Their entrances are in widt‘ 
colla[)se pits in line with the main collapse trench and only a few yards 
l>eyond its northern end. The opening into the main cave is about 15 
feel below the surface of the flow and is 10 feet wide, by 5 feet high, 
and leads down over a steep slope of fallen material into the side of a 
north-south trending chaml^er with its fl(X)r some 18 feel down. At the 
northern end the floor descemls steeply into a much larger cavern 
trending east-west and measuring approximately 60 feet in length by 
40 feel in width, with a height of almost 20 feel. The floor continues 
lo descend steadily and fairly steeply to the west and is almost completely 
covere<l with fallen blocks which in places aggregate to a thickness of 
at least 12 feet. Collapse has not been as considerable on the northern 
side as elsewhere so that the floor is higher and the roof lower ; as in the 
glassworks cave this latter is the slaggy under surface of a flow and rests 
upon a layer of pinkish tuflF which shows poorly-developed prismatic 
jointing and is occasionally fused to the surface of the lava above. This 
same relationship is shown again in a large cave (Brooker’s) situated 
half-a-mile furthcT north near the corner of Eaglehurst Road and 
Ranier Street, Ellerslie, where, however, the tuff is much coarser and in 
a thick band w^hich .shows quite coarse prismatic shrinkage joints. 



ITie contact between the upper and lower flows in the sub-station 
caves is, as would be expected from the character of the extrusions, a 
very irregular one, for there is a very uneven surface on the lower flow. 
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Pig, 4. — ITpuer part of north wall and roof of casern facing the 
rear of the glassworks, showing festoons of small drip stalac- 
tites hanging from the r<K)f and, in the left centr<^i' an area 
where a softened surface sheet of rock has sagged hack as 
a flap attached along one edge cxfiosing fresh rock beneath. 

On the southern side of the cave two tuffaceous layers may be traced 
for a short distance and indicate that possibly a third lava flow is present. 
The cave was not followed far beyond the western end of the big 
chamber, for rockfalls of recent date render it unsafe, but apparently 
at this stage it pas.ses below a second wide collapse pit in the surface of 
the flow. A further smaller cave has its entrance at this pit ; it descends 
steeply but was not followed far. Although it was not definitely estab- 
lished that it joins the main cave, there can be little doubt that it does so. 

About 100 yards north-west from the pylons there is a small lava- 
floored flat which occupies a basin between two lava tongues. It, also, 
has .small caves opening under its edges and many closely-spaced collapse 
pits on its surface. It is probable that the system of caves described 
above extends below this lava flat but at a greater depth than the sriiatl 
marginal caves just noted. . 

Fluxioml Features Associated with the Caves 

Most interesting evidence of the fluxional action of hot gase.s is 
afforded by several of the caverns in the southern of the system. 
A striidng example occurs in t&e mouth of a cave^ facing vest 
situated' ^ibout 50 yards west of that already described in l];e 
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complex collapse area behind the glassworks. Its entrance is wide and 
low and leads into a cavern 7 feet migh and 15 feet wide with its floor 
only a few feet below the entrance level. A layer of tuflf 5 inches thick 
is exposed at the base of the southern wall, while on the northern side 
there is an opening low down w^hich leads down a rockfall slope into 
a lower but much more extensive cave which can be followed east for 
60 feet before it becomes too restrictetl for travel. Evidence of hot gas 
action is confined to the upper chamber of the cave and is best afforded 
by the rock of the roof and of the walls on the northern side, and by 
the face above the entrance to the lower chamber. Over these areas 
a glazed surface has been produced an<l some degree of fusion has led 
to the rounding of the edges of all the joint blocks. The softening 
appears to have taken place to a depth of about an inch beneath the 
present surface, for in several places the crust of softened rock has 
sloughed off exposing iKjrmal rock beneath. One patch where nearly 
a square foot of the superficial la}*er of softened rock has sagged aw^ay 
can be seen on the left in Fig. 4. Part of the sloughed crust peeled back 
and froze while still attached along one e<lge, an effect which can be 
observed in several other instances. That there was re-melting as well 
as softening is clearly shown by the festoons of tiny, drip stalactites 



FiCj 5.— Southern waU of small u^per chamber of same cave as 
Fir. 4, ihbwpg iwattn hkVB. tncfeles; some of which termhiate 
in dr^i »^}actiu» and others m a small ripped fCrma- 

tion. The vertkal heigtit shown ki the i^otograpli Is >4 feet. 
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Photo: J. A. Bartrum 


Fk;. 6. — Rippled surface of remelted basalt near southern portion 
of the same cave as in Fig. 4 directly above the entrance to 
the lower caverns. Height shown in the photograidi is 3i feel. 

which hang from the roof and from ledges on the walls (Fig. 4). IClse- 
where, and particularly over the entrance to the lower chambers, the 
rock was rendered so fluid that it trickled down the walls of the cave 
in tiny streams like candlegrease down the sides of a candle. As it l)egan 
to cool, the lava of these trickles piled up in tiny, rippled terraces on 
ledges or at the foot of the wall. The effect is well shown in the flashlight 
photi^aph. Fig 5, and in Fig. 6. 

The drip stalactites formed from the roof and from ledges on the 
walls are generally narrow, solid teat-shaped botlies (wo or three inches 
long usually with a glassed exterior. Sometimes adjacent stalactites have, 
coalesced laterally to form larger irregulaply-shaped ones but none of 
them are more than a few inches long. The three shovm in I'ig. 7 are 
typical of those cennmont^ found in the caves. 

Stalactites are found m several of the other caves examined but nof 
in the same profusion as in this g^ssworks one. The only other ptace» 
however, where lava 'tridcles' were observetl was pfar the mouth pf 
a smafl 'Cavern about SO yards east of this last cave a^ almost certaiittV' 
me«%$ji»iqther entrance to it u. 
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Where re-melted rock has dripped down, the fallen drops have 
formed irregular heaped-up masses lower down. The drops usually 
hardened sufficiently as they formed or whilst they were falling to 
maintain something of their initial individual tear-drop shape, though 
hot enough to agglutinate. The best examples of these lava drip forma- 
tions were obtained from a locality a quarter of a niile south of the 
gla.ssworks caves, from caves just south of the working face of Bryant’s 
quarry, Penrose Road. These latter are too small to enter and are very 
narrow irregularly-branching passages that are offshoots of a much 
larger one now destroyed by quarrying. Several fine drip phenomena 
were obtained from the entrance; one specimen, a i>ortion of which is 
shown in Fig. 8, consists of a thin slab built out as a small shelf across 
the throat of a more or less vertical passage and has l)een built up of 
blobs of lava which have dripped from above, often preserving the 
tear drop shaix*. 

Where the drip of lava has been on a smaller scale or has taken ])lace 
more slowly from more isolated centres, the drops have built up small 
stalagnites from floors or ledges such as is well shown in Fig. 9 which 
comes from a cave at Bryant's quarry. Its individual drops are about 
an inch long and up to half an inch in diameter while their surfaces are 
generally glazed or smooth though sometimes covered with tiny blisters ; 
there are often large vesicles beneath the glazed crusts (see Fig. 10). 
Professor Barlrum has kindly made available the photograph ( Fig. 1 1 ) 
of a beautiful stalagnite from 1'akapuna which i< much larger than any 
of those so far obtained from the IVnrose caves and appears to ha^'e 
been made by more fluid lava, for the <irops have elongated much more 
than is usually the case in the Penrose area. 

A further and most unusual type of drip formation was shown 
<luring March, 1948, in the working face on the western side of Bryant’s 
quarry, just north of the small cave and at approximately the same level 
as its entrance. I’ifteen feel below the top of the face and passing right 
across it, there is a definite break in the basalt. On the northern side it 
takes the form of a thin layer of tuff on which rests the slaggy under 
surface of a flow, d'hrough gajjs in the face, narrow and very irregular 



Fig. 7.— Small stalactites front the caves at Penrose. 
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Pk;, — Upper surface of la\a-clrip formation from cave at 

Bryant’s quarry, Penrose. Piwto: J. A. Bartrum 


passages can be .seen while the rock above the tufif often consists of 
lava-drip slabs with small stalactites or hanging drops with baked tuflf 
clinging to them ( l"ig. 12). J'urther stmth the break is made by a band 
of solid rock 2 feet thick which is traceable for 20 feel and is composed 
solely of firmly agglutinated drops; it repre.sents, therefore, what may 
be called a ‘ slalagmitic ’ or ‘ lava-drip rock ’ ( I'ig. 13). It seems safe to 
assume that the rock has been formed by drops that have resulted either 
from remelting of the material of the roof r)f a shallow cave, or by 
liquid lava oozing through orifices from the la\a sheet above, but it is 
difficult to explain how .such a fissure could be so completely filled by 
dripping from directly above. It is probable that the drops originated 
in an open part of the cave, either behind the face or in a part of the 
flow now removed by quarrying, in which the dripping of lava was on 
a more liberal scale than elsewhere and that the mass of soft drops has 
slumped down into its present curious location. 

The following general conclusions may be made as a result of this 
short investigation : — 

1. The final effusions of lava from Mt, Wellington occurred in the 
form of thin flows which spread out in long and comparatively narrow 
tongues over the lava field formed by earlier outpourings. 

2. The last major outflow was preceded by an explosive eruption 
from either the same vent or vents as gave rise to the flow or from 
others near them which scattered a thin covering of tuff over the older 
surface. 

The final outflow followed quickly upon the preceding one, for 
evidence at Wilson and Rotheiy’s quarry, Ellerslie, suggests that the 
lower flow was still quite hot when the upper one was spread over it. 

3. An important feature in the advance of the lava floods was the 
outflow of lava from beneath a solidified crust resulting jn the formation 
of caves and the weakening of crustal support facilitating collapse. The 
chief difficulty is to explain the formation of caves that extend through 
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9. — Small lava stalagmite froip cave at Bryant’s quarry. 
l*enrose. 



Fig. 10. — Small lava-drip structure— probably a stalactite — from 
Bryant's quarry, Penrose. Note the laTgc vesicles in the 
broken drops in the centre. Photo: J. A. Bartrum 
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Fig. 11. — Larja^c la\a .stalagmite from floor of a small ca\ern at 
Smalc’s quarry, Taiihuroto Koad, Takajuma. Pi'oto: j. a. Uartrum 



tuflF layer at Bryant's quarry and showing the toes of lava 
trickles on its upper surface and irregular stalactites on the 
lower. The dark material on the lower surface is adherent 
baked tuff. The specimen is 5 inches from front to rear. 
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Ki(. K? - I,a\!i drip rock taken from the face at Bryant’s nuarry. 
Penrose. JMioio: J. A. Banrum 


su})(Tini])()se(I Hows or that are roc)fe<l by ihc upper How. Why has the 
lava of the upper How not Hoorled down into the caverns beneath and 
elTeclively sealed them? The caxes at Penrose are so larjje and the 
network of them so completely uii<lermines the area that some such 
effect would certainly be expectt‘d. It is possible, though unlikely, that 
draiiiiug off from the lower levels did r.ot occur till after the ui)per Hows 
were emplaced. Certainly there is little evidence of withdrawal of lava 
from the upper How on anything like the scale that has obtained in the 
low er. 

It seems most jjrobable that the caves or tunnels w’ere almost com- 
pletely confined to the lower sheet and that the major collapse was 
largely proN'oked by the weight of the uj>per How spread upon it and 
took place after this latter was vsubstantially solid. The upper flow" now' 
forms the roof of many of the caves probably as a result of collapse of 
much of their original cooled carapace with the assistance of w'aters 
])ercolating freely through the tuffaceous layer that is pres.nt. 

The various drip phenomena described almost certainly arc to be 
ascribed to remelling of lava that earlier has been substantially solid, 
for at the glassworks caves joint blocks of the upper flow have bad their 
edges softened and thereby rounded. Kven at Bryant’s, though the 
evidence is not so definite, this appears also to have been the case. It 
^eems impossible to avoid the conclusion that hot gases responsible for 
the remelting came through the caverns and originated cither in the lava 
of the lower flow or in lavas that had come from above into the caves or 
tunnels of this lower flow. 

Ac K NOW'LKIK^ M KST 
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encouragement of Professor J. A, Bartrum in the preparation of this 
paper. 
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GEOMAGNETIC LATITUDES AND REGIONAL 
ANOMALIES IN NEW ZEALAND AND THE 
SOUTH PACIFIC 

By W. M. Jones. Dominion Observatory, Department of Scientific 
and Industrial Research, Wellington 


{deceived for piihluaiiivn, fOth November, 1947) 


Summary 

For an axis-pole at 78.5" S., 111*^ K., parallels of geomagnetic south 
latitude are sho^^n at 1° intervals for New Zealand, and at 5“ intervals for 
the region ()°-75" S.. 150® E -155^ W. Kegional anomalies in New Zealand, 
in respect of the theoretical field from the centred dipole, for inclination and 
horizontal force, are illustrated by a comparison of this field witli the actual 
distribution observe! 1 by Farr. 

(iKOMAGNETlC LATITUDES 

Local values of geomagnetic latitude are often required in studies of 
aurorae, ionospheric phenomena, cosmic rays, as well as for the con- 
sideration of regional anomalies in the different comjionents of the 
magnetic field. Values for the magnetic observatories an* available, 
but it is convenient, for work in a particular region, to be able to obtain 
at a glance, with sufficient accuracy, the value at any point in the region. 
A diagram has therefore been prepared for the New Zealand region, 
34^=48® S., 166'" K.-180‘\ (Fig. 1), showing the geomagnetic ))arallels 
at 1*^ intervals, from which the value at any point can be read off to about 
5', and another for a portion of the South Pacific, 0 -75" S., 150 K.-ISS 
\V., (Fig. 2), which will enable an estimation wnthin about half a degree. 
For the first diagiam (a conformal conic jirojection) the geomagnetic 
latitudes, which are the complements of the great -circle distances between 
the axis-pole and given points, were computed to an accuracy of about 
P for a graticule of points at 2' intervals in geographical latitude and 
longitude, and the I ' parallels drawm by interpolation ; for the second 
(with the geographical latitudes and longitudes as rectangular co- 
ordinates) the graticule-intervals wTre 5 and the parallels have been 
drawn at 5" intervals. Fhis is not an ordinary method (»f map pr<»- 
jection, but some of the more important towns and i.slands are indicated 
for convenience. 

The axis-pole was taken as 78,5' S., Ill F., (Bauer's value for epoch 
1922), its direction -cosines being : a =~- — .0715, b — + .1861 , c -- .9799. 

Afanasieva(l) has recently given the value 78' 22' S., 112^ 44' K., for 
the epocli 1945, as the result of a harmonic analysis of the latest data. 
To what c.xtent the difference is real or a result of improved data is not 
certain. However, as a degree of longitude at the latitude 78.5' is 
equivalent in distance to only a fifth of a degree of latitude, it can be 
seen that the differences in geomagnetic latitudes from these two positions 
of the axis-])ole will not exceed 0.3®. 

Regional Anomalies in New Zealand 

Regional anomalies being defined as departures of the actual field 
from the theoretical field from the assumed dipole, it . is of interest to 
see what they amount to in New Zealand, and for this purpose the dipole 
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Anomalies in N.Z. and the South Pacific 

fields for inclination and for horizontal force have been compared with 
the smoothed fields for the epoch 1903 as depicted by Farr( 2). For a 
centered dipole, the inclination I at a point of geomagnetic latitude </> 
is given by : — 

tan I 2 tan 

and the horizontal force by : - 

H = Ho cos <f>. 

where Hq is the value on the geomagnetic equator. Ho has been taken as 
0.335, or 33,500 gammas (3). 



GEOMAGNETIC LATITUDES 

for axis-pole at 7e*s*S, ni*E. 
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In Fig. 3, Farr’s values for inclination arc compared with the com- 
puted values. Pending publication of the results of the recent magnetic 
re-survey of New Zealand, corrections have not been made for secular 
variation V^ctween 1903 and 1922. For the period 1905-1916 the average 
variation was e.stimated by Farr as + 1.^' per annum. This would 
make an increase of some 35' on the observed values as illustrated, but 
there is no certainty that this incrca.se would be uniform over the whole 
country. In the figure the observed field is seen to be everywhere greater 
than the computed, the differences ranging from about 1® at North Gape 
to more than 2^ at Stewart Island. The lengths of ,^the arrows which 
connect corresponding isoclinics illustrate the differences. The addition 
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of the 35' for secular variation would increase the differences. It may be 
noticed that while the two values could be made to coincide at Stewart 
Island by bringing the southern axis-pole some 3.5° nearer, this wo^d 
over-compensate at the North Cajie by about 2°. The two sets of iso- 
clinics are seen to be nearly parallel in the North Island, but diverge 
by about 10° in Otago. 

In Fig. 4, without correction for secular variation, the values for 
H are seen to be about the same in Central Otago ; farther north the 
observed values become steadily greater than the computed, the differ- 
ence reaching some 1700 gammas in North Auckland, while to the south 
they become less, by some 350 gammas in Stewart Island. Bringing the 
southern axis-pole nearer would diminish the computed H-values, amd 
thus further increase the differences over the North Island and most of 
the South Island. While the computed H-values depend on the value 
0.335 taken for H^, it is apparent that no adjustment of this could make 
a satisfactory co-incidence of the isodynamics over the whole country. 
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Farr’s estimated rate of average annual variation of H for 1903-1916 was 
—23 gammas. Extrapolating this to 1922, the correction to the observed 
values would be —437 gammas ; this again might not be uniform over 
the whole country. Its application would diminish the differences, 
north of Central Otago, but they would still be some 12(K1 gammas in 
North Auckland. 


Conclusion 

The above will serve to draw attention to the existence of regional 
anomalies as defined. A more detailed picture could be obtained by 
considering the individual stations of the survey, and drawing iso- 
anomalies from the individual anomalies disclosed, but as some of Farr’s 
stations are now known to be at points of considerable local anomaly, 
and as the secular variation corrections to the present time are rather 
doubtful, it will be better to await the results of the recent re-survey, and 
then to compare them with Afanasieva’s analysis fot 1945. 
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TARARDA RANGK SUMMIT HEIGHT ACCORDANCE 

]5y H. W. Wkllmax, Gfological Survey, Department of Scientific 
and Industrial Research, Greymouth 

(Received for f^ublicaHon, 29tti September, 194H) 

IXTRODITCTION 

While studying the norlh-we.sl Nelson District 1 discovered that the 
major structural features were defined by the height of the trigono- 
metrical stations shown on the Ijinils and Survey Department’s 4 mile 
sheets. By considering these trigs alone and generalizing them by means 
of contours it was possible to produce a structure map of the peneplain 
cut acro.ss the undermass in this area. The method was so simple and 
effectixe that it appeared worthwhile to see if it could be applied to 
other i)arts of New Zealand. The result showed wide variations in some 
areas such as Central ( )lago where pene]4ained schist surfaces are 
known, accordance was poor, but other areas such as the Kaikoura 
Ranges. South Canterbury, and North Otago showed feature.^ of 
structural .significance. The most striking accorclance was obtained from 
the mountain range at the south end of the North Island, extending 
north from Cook Strait to the southern end of the Ruahine Range. 

I discovered this summit height accordance in 1939 and had hoped 
to be able to do some field work in critical areas, but pres.sure of work 
has prevented this and the present brief note is based solely on the 
4 mile map and on published papers. It being considered better to 
publish an incomplete paper now, rather than promise a fuller one in 
the indefinite future. 


Previous I nvestioations 

Despite its proximity to the City of Wellington the south end of the 
North Island has not been geologically examined in detail. McKay 
(1879, 1888) gave the first detailed account of the indurated sandstones 
and siltstones (greywackes) that form the Tararua Ranges and the 
Wellington Peninsula. Although no diagnostic fossils have been found 
these rocks are probably the same age as similar lower Mesozoic rocks 
on the east side of the Southern Alps in the north end of the South 
Island. They are complexly folded and faulted and contain thin quartz 
veins. Conspicuous interbedded lava flows and tuft's occur at several 
places, but have not been traced far enough to throw much information 
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on the structure. The direction of the fold axes is not well known, but 
the available information makes it probable that this direction will not 
be very different from that of the present mountain ranges. Several 
physiographic accounts of the Wellington Peninsula have appeared — 
the first were by Cotton (1912, 1914, 1922), and later accounts have 
been given by Gage (1940) and Hall (1946). The absence of fossili- 
ferous sediments above the greywacke undermass makes it impossible 
to date the numerous events in the later physiographic history of this 
area described by these authors. Fossiliferous beds extend along the 
eastern side of the Rimutaka-Tararua-Ruahine ranges from Palliser 
Bay north, detailed examinations having been made by Ongley in the 
Eketahuna Subdivision and by Lillie and others in the Dannevirke 
Subdivision. Although the mapping of both these subdivisions is com- 
plete, neither the final maps nor the bulletins have been published, 
descriptions of the areas being confined to short accounts and a small 
scale map of Eketahuna Subdivision given in the annual reports of the 
Geological Survey. 

The trig stations shown on the 4 miles to the inch sheet represent an 
unbiased selection of high points. In drawing the generalizing contours 
an attempt was made to represent the most regular surface at a minimum 
height above these points. The significance of the contours depends on 
the average differences shown by the trigs and the contours. The follow- 
ing table shows these differences, averaged irrespective of sign for the 
Rimutaka and Tararua ranges, the areas between each of the successive 
1,(XX) ft. contours above the 2,000 ft. contour being considered inde- 
pendently. 


Contour Interval. 

2- 3,000 ft. 

3- 4 000 ft. 

4- 5,000 ft. 

5- 6,000 ft. 


No. of TriRS. 
42 
20 
6 
4 


Axerajre Difference in Feet. 
210 
19 .=^ 

no 

180 


It will be noticed that the difference decreases up to the 5,(X)0 ft. 
contour and then increases again. With the exception of Kapaka])anui 
(3,615 ft.) eight miles east of Paraparaumu, no trig stands an appreci- 
able height above the surface, and the <lifferences are no doubt due in 
large part to recent erosion since the last uplift. There is little doubt 
that the structure shown by the contours is geologically significant, and 
they must represent a deformed surface that had considerably less relief 
than the present ranges have. Nevertheless, although there is little 
doubt about the significance of the whole structure, the trig ix)ints are 
insufficiently close to make the height of the .surface definite in any 
small area, particularly near the margins. The contours represent a 
major anticline marked by two elongated domes at the south and the 
southern end of a dome at the northern end. The southern domes 
represent the Rimutaka and Tararua ranges and the northern dome the 
Ruahine Range. The two saddles between these three ranges form the 
only road and railway routes between Wellington and the East Coast — 
the Rimutaka and Manawatu routes. 


Age of Surfaces 

Fossiliferous marine beds rest on the undermass only at Manawatu 
Gorge, the beds at this place having been described by Lillie and Fleming 
(194l, p. 3) as follows: — ** The base of the series is marked by thick 
pebbly sandstones and conglomerates, often with calcareous concretions 
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yielding good Waitotaran fossils. On Whariti Road, resting on the 
^reywacke erosion plane, there is a thick boulder bed, the boulders 
rounded and sub-angular, attaining diameters of 2 ft. and 3 ft. The 
middle part of the Te Aute Series is represented by muddy sandstones 
and overlain by one or more limestone bands. The pebbly and bouldery 
nature of a large part of the beds representing the Waitotaran, Niiku- 
maruan and Castlecliffian stages on the Whariti and Saddle roads indi- 
cates marked emergence during these periods of part of the Ruahines 
north of the Gorge/* It will be seen that a well-defined greywacke 
surface underlies the Tertiary beds at these places, and it is tempting to 
consider that this surface is the one represented by the summit height 
accordance. Further north-east on the Taupo-Napier Road Tertiary 
beds, slightly older than those in the Manawatu Gorge, rest on a grey- 
wacke surface near the crest of the Ruahine Range, and show that an 
upper Miocene erosion surface has been formed in this area also. 
Although there is good evidence for an erosion surface below these 
upper Tertiary sediments it is not impossible that the reconstructed 
surface passes over them and is younger. The best evidence for this is 
provided by the eastern side of the Tararua Range east of J^ketahuna. 
At this place Ongley has mapped upper Tertiary beds extending along 
the valley of the Mangatainoka River for several miles in from the 
eastern flank of the Range. Although Ongley (1935. p. 5) states that 
the uppermost Tertiary beds (Mangahao Series) dip steeply along the 
eastern flank of the range, the reconstructed surface passes over this 
strongly deformed Tertiary .strip without marked break. Such a rela- 
tionship, if correct, can be explained only by assuming that the surface 
is younger than the orogeny that defonned these late Tertiary sediments. 
Such an explanation adds complexity to the late Tertiary history. The 
txist-Tertiary orogeny has to be divided into two phases, an earl\' but 
]>()st-Mangahao phase responsible for the folding of the young Tertiary 
beds along the eastern side of the range and a later phase that elevated 
the mature land cut indifferently in both the Tertiary sediments and the 
undermass. 

Although the contours have not been extended to cover the Welling- 
ton Peninsula, .summit height accordance is well showm there when the 
I*eninsula is \iewed from the hills on the east side of the harbour. 
Summit height accordance is probably equally as good as in the ranges 
but the relief does not reach 2,000 ft. and the reconstructed surface 
cannot be clearly shown by the contours. The earliest erosion cycle 
marked by wide-open valleys in the Peninsula has been named the 
Kaukau cycle by Cotton (1912, p. 248). This cycle is marked by 
weathering that extends down for many feet in the “ Greywacke ** 
undermass and probably corresponds with the contoured .surface that 
extends over the ranges to the ea.st. 

Draina(;e and ContoI'RS 

One of the most striking features of the area is the lack of a definite 
relation between the reconstructed surface and the directions of the 
present rivers. In north-west Nelson, in South Canterbury, and in most 
places where fossil peneplains have been resurrected the majority of 
streams flow down the slope of the surfaces at right angles to the 
contours. No such relation^ip exists in the Tararua Ranges. Instead 
the streams follow a trellised pattern apparently controlled by the 
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structure of the “ gre 3 ^acke ** unclermass. Such indifference to the 
contours can be most easily explained if the streams are antecedent to 
the latest uplift, and have become progressively more adjusted to the 
undermass for a considerable period of time, possibly extending back 
to pre-Castlecliffian times. 



Fig. 1 
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Relation between Surface and Fai lts 

Cotton ( 1922) mapped the Wellington I'ault scarp north-west of the 
Wellington Harbour. This fault is known to extend up the Hutt Valley 
and its further extension in a gentle curve to near Kaitoke has recently 
been established through the discovery of a recent fault scarp there by 
Hall (1946a). The writer knows of no reference to its further con- 
tinuation, although the co-linear valleys of the Tauherenikau River and 
the Waiohine River lie on the extension of this fault line. Although not 
well shown on the 4 mile to the inch map, the fault-line-like pattern of 
these two streams is well brought out by the map published by the 
Tararua Tramping Club, the line of these valleys being marked by a 
track that follows over the low i>ass between them. 1'he northern 
exten-sion of this fault is less certain, but it may be significant that the 
southern flowing reaches of the Ruamahanga River, Waingawa River 
and the Mangatiriri River are all co-linear and connect the extension of 
the Wellington I'ault with the main boundary fault mapped by (higley 
(1935) on the east side of the Tararua Range south of the Manawatu 
River. 

The southern half of the Rimutaka Range appears from the contours 
to be obliquely cut off by a major fault. The fault responsible is prob- 
ably the same as that mapped by Ongley in 1943, as extending north in 
an almost straight line along the western side of Lake Wairarapa 
through I’Vatherston and Woodside north almost to I{,ketahuna. Ongley's 
map show^s no geologj^ but only the recent trace of this fault. Tie 
mentions that earlier movements are certain and there is little doubt that 
the line represents an important tectonic feature that has been active at 
several j)eriods in the past. It will In* noticed that both the Wellington 
and Wairarapa faults are oblique to the axis of the ranges as defined 
by the contours, and that no apparent displacement of this axis has 
taken place along the line of the W\*llitigton h^ault. 
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NOTE ON 

CALCIJE SINTER TERRACES AND PISOLITES IN 
BLACKBALL COAL MINE 

By Maxwell Gage, Canterbury University College, Christchurch 

{Received for publication, 30th November, 1948) 

Calcite pisolites found in pools on limestone cave floors have been described 
as “cave-pearls”. They may be seen in the State Coal Mine at Blackball, near 
Greymouth, where they form in drains and puddles in certain idle sections of the 
mine where water drips persistently. Smoothly rounded and of spheroid or ovoid 
shape, the pisolites are built of layers of calcite, each 0.5 to 1 mm. thick, and 
attain 20 mm, or more in diameter. The nucleus is generally a fragment of coal. 
The calcareous sinter forms rapidly on timbering, loose coal and other debris. 
Quite spectacular arrays of small stalactites are produced by permanent drips, 
and more copious flows give rise within a few weeks to miniature terraces on the 
floor. 

These deposits are formed in an enxironment differing somewhat from that 
of a solution cavern in limestone. The source of calcite lies not in the coal 
measures (the Brunner formation — late Oetaceous or EoceneUi but in the 
directly overlying Island sandstone (middle Eocene), the grains of which are 
bound together i)y calcareous cement. In some places, however, the cement has 
been thoroughly leached, both coal measures and overlying sandstone being 
reduced to a free-running quartz sand, which is an excellent aquifer. This is one 
factor involved in the exceptional mobility of calcite, to which is ascril)cd the 
unusually rapid growth of sinter and pisolites in the mine. The other factor is 
the existence in the same seam at a higher level, but separated from the present 
mine by a coal-barrier, of old w'orkings which are flooded and afford a great 
reservoir of COj, -saturated water. Blackdamp is prevalent in the Blackball mines, 
and completely fills the old workings above water-level. Its abundance may safely 
be ascribed to attack upon the calcareous cement of the Island sandstone by 
sulphur acids derived from oxidation of widely-di.sseminated pyrite and marcasite 
nodules. The present mine is very wet, and it has been proved that w'ater leaking 
from the old workings by w^ay of the roof -aquifer is largely responsible for this 
condition. If there w^ere some safe and easy method of draining the old workings, 
the task of the management of the present mine would be much simpler. E\ idently 
the water from the old mine is capable of leaching further lime from the over- 
lying rocks, and conveying it in bicarbonate solution to the new mine, where it is 
deposited in favourable situations free from oxidized sulphides. The part played 
by the sulphides is indicated by the prevalence in other parts of the present mine 
of water seepages that deposit alum salts and large quantities of ferric oxide, the 
latter being the end-product of oxidation of pyrite and marcasite. 


1 P. G. Morgan: The Geology of the Greymouth Subdivision, North W'estlaiMl.” JV.Z, Geot. 
Surv, Bull. IS, n.s., p. 33, iQn. 
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THE LARVAL TRANSFER METHOD OF DETERMINING 
TOXICITY OF TIMBER PRESERVATIVES TO ANOBWM 
PUNCTATUM DE GEER 

By D. SpiLLEK and K. Winsome Denne*, Plant Diseases Division, 
Department of Scientific and Industrial Research, Auckland 


{deceived iov pubhcatton, 20th September, 1048) 


Summary 

An attempt was made to assess toxicity of timber preservatives Dy trans> 
ferriiig partly grown Anobtum punctatum larvae to treated blocks and recor- 
ding survival after sixteen weeks. When it was found that larvae refused to 
ingest treated wood, the method was moditied to allow for decrease in weight 
as a result of starvation . 'Phis refinement gave results convertible to ordinary 
mortalities with fair accuracy. When results obtained by larval transfer 
methods and modifications were compared with those obtained by eggla3ring 
techniques it was found that larval transfer methods over-estimated the 
amount of preservative required to give complete kill of larvae. It is con- 
cluded that larval transfer methods are unsuitable for the assessment of 
toxicity of timber preservatives. The techniques adopted throughout the 
work are described. 

Introduction 

h'OK some years this Division has been investigating methods lor the 
bioassay of timber preservatives. The common house borer Anobiittn 
punctatum De Geer has been selected as the test insect for insecticides 
because it causes more widespread damage than any other insect attac- 
king timber in New Zealand. Of the testing methods av'ailable the one 
now employed is that in which female beetles lay eggs on small blocks of 
treated wood, tlie effectiveness of preservative being determined by 
surv'ival or otherwise of larvae which hatch from these eggs. (Spiller 
1948a), This method has several shortcomings, most important of 
which is that beetles are available only during the annual flight period 
of about five weeks. Further, the very small size of developing larvae 
makes examination of large numbers of test blocks impracticable until 
almost a 5 rear has elapsed. 

With these limitations in view a method wm evolved in which partly 
grown larvae were transferred to test Nocks which were then stored under 
conditions suitable to larval growth. After a period the blocks were 

* Now with the SbeU Company of New Zeahuul Limited. 





13(> The N.Z Journal ok Science and Technology (Nov. 

split and examined and records made of survival of larvae and of frass 
production. A similar method was employed by Cummins and Wilson 
(1936) with Lyctuh larvae and by Keeker (1938) Schulze and Becker 
(1942) and Kelsey (1946) with larvae of Anobium punviatnnu 

Methods and Results 

Testing Conditions, 

All tests were carried out in a constant temperature loom (22.5V ) 
and were of 16 weeks duration. The humidity was varied from test to 
test as indicated in Tables I ami II. 

Timbers and Test Blocks. 

One inch cubes of straight-giained saji kahikatea (Podocarpus 
dacrydioides A. Rich) and pine (Ptnus radmia I). Don) w(Tc u.sed as 
test-blocks. All blocks for each test were sawn from tlie same Ixiard 
and randomised before treating. After treatment they wc‘re allow(x! to 
dry in the laboratory. They were then conditioned in tin* testing room 
for some weeks before use. To allow introduction of larvae the required 
number of ^ m. holes was drilled and then countersunk in each block. 



Fio. 1. — T3q>ical Hl^k T^sed with Larval 'I'ransier Method of 
Detennining Toxicity of TiinlKT Preservatives to A pufictatum 
(X 1 6). {Photo A l. 

Alaterials Tested, 

Tests were made with zinc chloride, boric acid, zinc naphthenate, 
copper naphthenate, sodium pentachlorophenate, sodium 'fluoride, 
Wolman tanalith*, copper chloride, zinc sulphate, barium chloride and 
cadmium chloride. 


♦ Wdman tanalith is a proprietary water soluble material comprising 
sodium fluoride 25 per cent.; disodium hydrogen arsenate 25 per cent.; 
sodium chromate 37.5 per cent.; dinitrophenol 12.5 per cent, 
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Block Impregnation. 

If reproducible testing results are to be obtained the preservative 
must be uniformly distributed throughout test blocks, otherwise dis- 
cordant data will arise due to greater survival of larvae in those portions 
of the block with lowest concentration. Satisfactory methods for 
most water soluble materials have been evolved (Spiller, 1948a), and 
these were used throughout. Adequate uniformity cannot be obtained 
with oil soluble preservatives because of reconcentration at the surface 
as the solvent evaporates, or with water soluble sodium pentachloro- 
phenate because of sorption on the wood fibres. 

Block Loadings. 

The amount of preservative was established by chemical analysis of 
test blocks and is reported as percentage W/W on oven dry weight of 
wood. 

Source and Handling of Larvae. 

Larvae were obtain(‘d by splitting infested timl)er of many species 
and from many localities. Because of lack of uniformity in material 
it seemed desirable to condition all larv'ae by transferring them to white 
pine blocks and storing for about six months before use. Storage blocks 
were split as required, larvae removed and sorted or weighed as desired 
and then transferred to test blocks. To prev^ent injury, larvae were 
handled with two camel -hair brushes, never with forceps. Any larvae 
which were sluggish, abnormal or with suspected injury were discarded. 

Design of Experiment. 

b'ach test included a range of headings to ascertain toxic level, a 
serie.s of blocks at each loading to minimise variation and a fixed number 
of larvae in each block for assay. Experiments were recorded block by 
block and data massed under each loading. Details of number of 
blocks per loading and larvae per block are shown in the case of each 
experiment. For example B.5 ; L.6 indicates that there were five 
blocks each with six larvae. 

Control Percentage. 

Mortality in any particular treatment must be corrected for mor- 
tality in check blocks to obtain unbiased results. The appropriate 
method is that of Abbot (1925). 

True mortality 

100 ^ Mortalit y per c ent. ofJTreatment — Check Morta lity per cen t, 
i 1(K) — Check Mortality percent. 

With the weight technique (sec below) weight losses were corrected in 
the same way. In lx>th cases true mortality or weight loss is recorded 
as “ percentage control,” 

Establishment After Transfer. 

Not all larvae establish after transfer to treated blocks. If this 
mortality were randomly distributed throughout the blocks it would 
be of no importance since it could be recoided and allowed for when 
the test was completed. If, however* this initial mortality were due 
to the different loadings of the material under test, it could not be 
ignored, nor could it be compensated for. The theoretical distribution 
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of survival in blocks is given by the binomial expansion. All transfer 
mortaKty data were tested for binomial randomness but no significant 
departures were found. Thus mortality may be corrected without 
introducing discrepancy due to concentration of preservative. 

First Test Series. 

In this set of experiments results were obtained by counting the 
number of larvae that survived in blocks treated with various preser- 
vatives and held under test for the required period, Mortalities were 
then calculated. Results are shown in Table I. 

Table 1. Larval Mortalities in Test Blocks After Period of 16 Weeks 


Preservative 
and condi- 
tions of test. 

Loading 
of pre- 
servative 
(percent. 
W/W^ 
on oven 
dry 
wood) 

Larvae 
trans- 
ferred . 

Larvae 

estab- 

lished. 

Larvae 
reco- 
vered . 

Percentage 
of larvae 
dead. 

i Percen- 
tage 
control . 

Frass 
mg. per 
estab- 
lished 
larva. 

Sodium pen- 

1.8 

112 

98 

58 

40.8 

23.3 

9.6 

tachlorophe- 
nate ; 75 per 

5.2 

112 

97 

19 

80.4 

74.5 

4.6 

9.2 

112 

107 

26 

75.7 

68.4 

- 

cent. R.H.; 

12.1 

112 

106 

10 

9<L6 

87.7 

3.3 

Kahikatea ; 

15.0 

112 

102 

17 

83.3 

78.3 

3.5 

B 7 ; L 16t 

Check 

112 

101 

78 

22.8 


21.1 

Boric Acid; 70 

0.32 

48 

Not 

26 

45.8 

33.3 

10.7* 

percent. K.H.; 
Kahikatea ; 

0.53 

48 

recor- 

31 

35.4 

20.6 

9.8* 

0.82 

48 

ded 

14 

70.8 

64.1 

4.0* 

B6; L8 

1.47 

48 


2 

95.8 

94.8 

1.8* 

2.85 

48 


1 

97.9 

97.4 

0.9* 


Check 

48 


39 

18.7 


34.7* 

Zinc chloride ; 

2.20 

48 

Not 

1 

97.9 

97.4 

4,4* 

70 per cent. 

4.17 

48 

recor- 

i 

100.0 

100.0 

5.6* 

R.H.: 

5.83 

48 

ded 

1 

97.9 

97.4 

4.2* 

Kaliikatea ; 

7.60 

48 


2 I 

95.8 

94.8 

5.1* 

B6; L8 

9.19 

48 


0 

KMl.O 

100.0 

4.2* 

Check 

48 


39 

18.7 

- 

34,7* 

Zinc naphthe- 

0.17t 

96 

Not 

49 

49.0 

23.5 

15.9* 

nate ; 70 per 
cent. R.H.; 

0.35t 

96 

recor- 

45 

53.1 

29.7 

14.7* 

0.65t 

96 

ded 

37 

61.4 

42.1 

11.3* 

Kahikatea ; 

1.18t 

96 


10 

89.6 

84.4 

2.7* 

B 12 : L 8 

1.96t 

96 


1 

99.0 

98.5 

1.4* 


Check 

96 


64 

33.3 


20.2* 

Copper naph- 

0.20t 

96 

Not 

16 

83.3 

75.0 

6.0* 

thenate ; 70 

0.43t 1 

96 

recor- 

9 

88.5 

82.8 

3.7* 

percent. R.H.; 
Kahikatea ; 

o.aot i 

96 

ded 

4 

95.8 

93.7 

2.8* 

1.48t 

96 


3 - 

96.9 

95.4 1 

2.5* 

B 12 ; T, 8 

2.45t 

96 


1 

^ 99.0 

98.5 ! 

2.0* 


Check 

96 


64 

33.3 

■ i 

i 

20.2* 


t These loadings follow normal usage for naphthenates and are reported as 
percentage metal. Zn x 6*7 » Zinc naphthenate : Cu x 9.1 » 
Copper naphthenate. 

* These figures based on number of transferred larvae. 

X B 7 : L 16 » Seven blocks eadi with 16 larvae. 
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Second Test Series. 

During recording of treatments on sodium pentachlorophenate 
(Table I) it was apparent that surviving larvae from treated blocks 
were considerably smaller than when introduced into blocks and still 
smaller than larvae recovered from control blocks. Examination of 
frass from treated blocks showed that most of this consisted of chewings 
instead of faecal pellets while frass from check blocks was normal and 
consisted of pellets with only a small amount of chewings. To ascertain 
the extent of this change in frass composition a comparison was made 
of the number of faecal pellets present in samples taken from blocks 
with different loadings. A small standard glass measure was used to 
sample frass from each loading. These samples were evenly scattered 
on a small squared glass plate and the number of frass grains counted 
under a binocular microscope. Ten samples from each frass were used 
and their gross weights recorded. Results are expressed in numbers 
of faecal pellets per mg. of frass. 

Sodium pentachlorophenate per cent. 15.0 12. 1 5.2 1.8 Check 

Pellets per mg. frass 32.5 39.8 120.8 248.8 155.0 

Since the check sample consisted almost entirely of pellets these must 
have been larger than those from the 1 .8 per cent, blocks which contained 
considerable chewings. This could only occur if check larvae were 
larger and confirms the 'observation that larvae recovered from treated 
blocks were smaller than those from check blocks. These results can 
be explained on the assumption that wood treated with sodium penta- 
chlorophenate is repellent to larvae and that they can, at least in part, 
reject materials distasteful to them. However they do not cease tun- 
nelling in the preservatized wood and frass production continues (vide 
Tables I and II). This rejection of treated wood implies near starvation 
for larvae but, more important, also implies insufficient consumption of 
preservative to produce a lethal effect during the test period. 

An attempt was made to modify the technique of larval transfer and 
take into account the starvation which follows rejection. It is apparent 
that if a larva eats sufficient preservatized wood it will die and likewise, 
if there is continual refusal to ingest then the larvae will eventually die 
of starvation. With reference to this point Kelsey (1946) states " since 
the full value will only become apparent when larvae are compelled by 
starvation to eat treated wood but there does not appear to be any 
evidence to show that starvation will compel the larvae to eat. During 
the period of starvation there must be a gradual reduction in larval 
weight as food reserves are used and if this loss is measured a suitable 
measure of starvation following rejection may be obtained. 

The modified technique followed the original except that larvae were 
weighed. Larvae were sorted into weight ranges, randomized in groups 
of six or eight within each range, the group weight recorded and 4arvae 
then transferred to their block. Counts of number established in each 
block were made a few days later and the group weight corrected for 
those not establishing. At the end of the test period, test blocks were 
split and surviving larvae removed, counted and weighed. From this 
weight and the weight of larvae from check blocks a measure incor- 
porating both mortality and extent of starvation was calculated as per- 
centage loss of original weight of larvae established, 

A prerequisite for this method is that group weights be randomly 
distributed within and between treatments. In each case group weights 
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were submitted to an analysis of variance but no significant departure 
from randonmess was found. 

The results obtained with this modification together with mortality 
data are shown in Table TI. 
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Discussion 

The weight decrement technique was designed to measure toxicity as 
mortality plus loss in weight of surviving larvae. Were it not for this 
loss in weight through starvation following rejection of treated wood, the 
weight modified technique would give results similar to the original larval 
transfer method since weighing or counting would then be comparable. 
That there is not this equality is shown by Fig. 2 where percentage 
control obtained from mortality counts is plotted against “ percentage 
control ” obtained by weight modification for the seven preservatives 
and the thirty-nine concentrations reported in Table II. While normal 
mortality technique is shown to underestimate efficacy of materials as 
computed by weight decrement it is also apparent that the two methods 
are closely correlated. There is nece.ssarily equality when 100 per cent, 
mortality is reached since this infers 1(K) per cent, loss in weight and 
vice versa. Likewise there are certain restrictions which tend to produce 
equality when mortality is low since it would be impossible to have 
death without a corresponding loss in weight. The converse does not 
apply and loss in weight can occur without deaths in the population. 
Arbitary curves were fitted to the data and satisfactory fits were obtained 
• in several cases. The one shown is the simplest : Y -- 0.01 X* where 

Y = “ control percentage as measured by deaths and X “ control 
percentage as measured by weight decrement. From this equation 

Y can be estimated from X with reasonable accuracy ; the average 
variation of Y found from Y estimated being ±4.4. From this equi- 
valence of results it follows that even if the refinements of the weight 
decrement technique could be .shown to give results nearer the true toxic 
level than the mortality technique there is no advantage in using w'cight 
decrement instead of the simpler mortality technique since results of 
either are convertible one to the other with reasonable accuracy. 



Fig. 2. — Relationslnp Between Percentage Control Obtained 
Larval Transfer Mortality Teclmiqne and the Weight Modi- 
fied Technique. The line has the Formulae Y ek 0.01 X*. Data 
from Table II. 

The curvature of the regression line in Fig. 2 implies a considerable 
loss in weight of surviving larvae. These weights have been tabulated 
in Table II and show that the average weight of recovered larvae tends 
to decrease as loadings increase. Sodium fluoride, Wolman tanalith 
and copper chloride are exceptions in that larvaji . weights on these 
materials arc similar at each loading. 
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Examination of the figures relating block loading to weight of frass 
per established larvae (Tables I and II) shows that frass production 
decreases as loadings increase, whenever loadings have been low enough 
to produce a graded mortality response. When this graded response 
was not produced as in the first experiment with zinc chloride (Table I) 
and with sodium fluoride and Wolman tanalith (T^ble II) no such 
relationship exists, the amounts of frass produced being small and 
substantially independent of loadings. 

Schulze and Becker (1942) have used a mortality technique similar 
to that employed here and it seems desirable to comment on some results 
given in their paj)er. Their tests were carried out at 20'’c. and 75 per 
cent. k.H. using test blocks of sap Scots pine which had been uniformly 
(sic) impregnated with preservative. Ten larvae ranging from about 0.6 
mg. to 4-5 mg. more or less, were used for each test and no corrections 
were made for mortality of controls which did not exceed 10 per cent, on 
the average. These authors liave shown that large A nobium larvae can 
starve for over a year and have recognized that some materials “ scare 
the ins<'cts from eating, so that they die only from starvation.” In spite 
of this they con.sidcr a tc.sting time of either five or twelve weeks as 
sufficient since, “ the true toxic level - - - is of practical importance 
only in the case of full impregnation of the wood.” 

Their results on size of larvae in relation to sensitivity to poison 
show that large larvae are more resistant than .small and, very roughly 
the effect is that within the range 2 mg.-7 mg., mortality decreases 
about 10 per cent, for each milligram of increased weight. Likewise 
they have shown that results obtained with a four weeks test are different 
from those obtained when the test period is twelve weeks, the longer 
test showing the material to be more toxic. 

h'our “ limiting values “ have been taken by the,se authors for 
as.scssment of results, namely the 100 percent, and ^ percent, mortality 
l)oints for both four and twelve weeks tests and it is insisted that these 
give a reliable estimate of toxicity of various materials. 

If the 80 per cent, mortality level is accepted as a reliable estimate 
of the toxicity of the various materials in Tables I and 11, and the values 
obtained in this way are compared firstly with the four and twelve weeks 
tests of Schulze and Becker (1942) and then with the toxicities of the 
same materials as determined by the egglaying technique (Spiller 1948 
a, b, c, d) it is found that the larval transfer method consistently reports 
much higher toxic loadings than the egglaying technique. Further 
there is wide discrepancy between the four and twelve weeks tests as given 
by Schulze and Becker (1942) and results obtained with the sixteen 
weeks tests as reported in this paper (Tables I and II). Comparisons 
are given in Table III. 
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Table III. Comparison of Toxic Loadings* Obtained by Larval Transfer 
AND Egglaying Techniques 


Author. 

Schulze J 

Period of test. 

Four week,s. 

Technique. 

Mortality 

Materials tested 


Boric acid 

Not tested 

Sodium fluoride 

> 6.2 

Wolman 


tanalith 

>5.6 

Zinc chloride 

45.0-28.4 

Zinc sulphate 

27.3 16.4 

Sodium 


arvsenate 

>15,2 

Copper sulphate 

>46.7 

Barium chloride 

>43.4 

Copper 


naphthenate 

>17.5 

Zinc 


naplithenaic 

>22.8 

Sodium penta- 


chlorophenate 

>14.5 

— 



This paper. 
Sixteen weeks. 


0.6-0.36 


Mortality 
of larvae. 


1.47 -0.82 
-0.45 


0.78 l<0.45 

28.4- 18.2 |<2.20 

!>2.4I 
i>2.31 
: 1.58-1.14 

: 1.16-0.83 

16.4- 10.4 !>2.62 


>15.2 

<16.8 

>43.4 

<3.1 

2.8 

>14.5 


I 


I 3.9t 

• 10. 3t 

1 

1>15.0 


Weight 

decrement. 


Not tested 
<0.45 

<0.45 

1.71 2.41 
2.31 

1 .58-1.14 
1. 16 0.83 
2.62 


Not te.stefl 
Not tested 
3.06 


<3.06 


SpiUer. 


Kgglaying 

methods. 


0.043-t).022 
0.19-4). 12 

0.06 4). 042 
0.18-0.11 


0.9 0.53 

i<0.5 

<0.23 

>1.0 

Not tested 
Not tested 
1.2-0.5S 


• W/W of oven dry wood. Schulze and Becker (1942) gave their figures as 
kilograms per cubic meter of wood. These values have been converted to 
loadings on the basis of a dry weight/green volume specific gravity of 0 . 422 
for Sc^s pine. Because of this, figures are necessarily approxinmtions to 
true loadings which are unknown. 

t As copper naphthenate *=0.43 per cent. Copper. 

J As zinc naphthenate ** 1 . 18 per cent. Zinc. 

§ Data nnpublished. 

In the light of these comparisons (Table III) it >cems clear that it 
is necessary to consider carefully the value of data obtained by larval 
transfer methods. The hatching of larvae is the method of infestation 
that occurs in the field and it is considered that results obtained by the 
eggla 3 dng method are better estimates of the toxicity of a preservative 
than are those obtained by larval transfer. Further it is found that 
egglaying methods give a consistent and reproducible assay of toxicity 
in different years and on different timbers. Because of this it is con- 
sidered tW the results obtained by Schulze and Becker (1942), Kelsey 
(1946), and in this investigation do not give the true toxic values of the 
preservatives emplo 3 red. 

The reason for this failure of the larval transfer technique to indicate 
true toxicity is that Anobium punctatum larvae can in part reject treated 
wood. Because of this some do not ac(juire a lethal dose of preservative 
and remain alive even when the wood is heavily loaded with very toxic 
material, i.e. sodium fluoride and Wdman tanalith (Table II). Even- 
tually they die of starvation. This selective ability of larvae constitutes 
a fundamental defect of larval transfer techniques and while it could 
be overcome by greatly extendmg the test period to say 12 months or 
more"the chief merit of the technique, namely ^>eed of testing, would 
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disappear. That the test period would have to be extended to this extent 
is shown by results obtained by Schulze and Becker (1942) who report 
having kept Anobitm larvae alive for up to 260 days without food. As 
a further point if it is assumed, as found by Schulze and Becker (1942) 
that susceptibility of larvae to poison decreases with increasing age, there 
can be no assumption that tlie toxic level assayed with part -grown larvae 
is the same as that required to control neonate larvae. Cummins and 
Wilson (1936) found a similar transfer method unsatisfactory for com- 
paring toxicity of various materials to Lyctus larvae and stated ‘‘ it 
appears essential if satisfactory' comparisons of toxicity are to be obtained 
that the beetle test should be cmnloyed, although this method requires 
more time and can only be carried out during a restricted period of the 
year." The authors are in agreement with this opinion. 

CoNCLrsioN 

Larval transfer teclinicjues are unsuitable for tlie assessment of 
toxicity of timber preservatives. 
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TOXICITY OF WOLMAN TANALITH TO THE COMMON 
HOUSE BORER, ANOBIUM PUNCTATUM DE GEER 

By D. Spiller, Plant Diseases Division, Department of Scientific 
and Industrial Research 

{Received for publication, hi November, 1947) 

Summary 

Tests have shown that Wolman Tanalith loadings equal to 0.06 per 
cent, of the dry weight of treated wood prevents development of larvae 
of Anobium punctatum. At loadings of 0.042 per cent, and below larvae 
were able to survive. 

Wolman Tanalith is a proprietary water-soluble wood preservative 
comprising a mixture of sodium fluoride 25 per cent., disodium hydro- 
gen arsenate 25 per cent., sodium chromate 37.5 per cent, and dini- 
trophenol 12.5 per cent. The various Tanalith materials have been used 
in other countries for treating timber to prevent both fungal decay 
and attack by termites. At present, Tanalith is the only water-soluble 
preserv’^ative employed in New Zealand for pressure impregnation of 
building timbers to prevent attack by insects, especially the common 
house borer Anobium punctatum De (ieer. 

The manufacturers of Wolman vsalts recommend a minimum dry- 
salt retention of 0.35 pounds per cubic foot of wood, which is equivalent 
to a dry-salt retention of 2.9 pounds per UK) super feet. This figure is 
based on their overseas experience and it is important to know if such 
a figure will be sufficient to prevent insect attack under the different 
conditions pertaining in this country. It is of equal importance to know 
if the amount recommended is in excess of that required to protect 
timber from attack. 

Kelsey (1946) jmblished a preliminary report on the toxicity of 
Tanalith to Anobium punctatum, using wood of Pinus radiata D. Don. 
impregnated under commercial ” conditions. He considered that a 
Tanalith concentration of 0.25 poun<ls per cubic foot of wood (2.08 
pounds per 1(X) super feet) would be ample to prevent establishment 
of Anobium punctatum in Pinus radiata and recommended that Pinus 
be treated to give complete penetration and a minimum retention of 
Tanalith dry salt of 0.25 pounds per cubic foot of wood. 

Harrow (to be published) has shown that complete penetration of 
Pinus is readily obtained with several pressure impregnation schedules. 
When these schedules arc adopted by commercial treating plants, more 
information will be needed about the amounts of Tanalith required to 
prevent establishment of Anobium infestations. Tests of toxicity of 
Tanalith have now been completed. The methods employed were identical 
with those described in a previous paper (Spiller, 1949). In all, 99 
treated blocks were tested and these covered loadings of Tanalith 
ran^ng from 0.(X)3 to 1.8 per cent. The test timbers were sapwood 
kahikatea (Podocarpus dacrydioidcs A. Rich.) and sapwo( 3 d pine 
i^Pinus radiata 1). Don.) ; six boards (1, 2, A, B, C, D) of the former 
and two (E, H) of the latter. 

" Results are shown in Table L 



Table I. Toxicity of Wolman TaKalith to Larval Anobiutn punctatum 
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♦ Two small larvae in each block 

f The lowest loading at which no Hve larvae were present in test blocks. 
J The highest loading at which live larvae were present in test blocks. 
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Discussion 

These results show that Tanalith is very toxic to Anohium larva;. 
All loadings of 0.06 per cent, and higher gave a complete kill while 
loadings of 0.042 p<.*r cent, and below w'ere insufficient to prevent 
development of larvse. Between these limits the data is not consistent 
for, while in board B a loading of 0.059 per cent, permitted the survival 
of two small larvae in each block, in board D no larv;e survived at a 
loading of 0.045 per cent. This inconsistency is of little importance 
because loadings as low as these will not be employed in commercial 
treatments as a safety factor is necessary to guard against faulty plant 
operation and variations in wood density. As a loading of 0.06 per cent, 
is equal to a net dry-salt retention of about 0.14 pounds per hundred 
super feet it is apparent that the present net dry-salt retention of 2.9 
pounds per hundred .super feet is unnecessarily high and .should be 
reduced. If the retention were reduced to 0.8 pounds per hundred super 
feet and this amount evenly distributed throughout the wood — and the 
adoption of efficient treating schedules will insure this-^ the .‘%afety factor 
would still be X 5.7 and more than sufficient to cope with any chance 
variation in wood density or in plant operation. Lowering the salt 
retention from 2.9 pounds to 0.8 pounds per hundred super feet would 
not lessen the effectiveness of treatment, but savings in salt costs would 
amount to 3.5 shillings per hundred super feet treated. 

Further studies on toxicity, permanence and the size of the safet)' 
factor required may show that the net dry salt retention cim be further 
reduced and a correspondingly greater saving effected. 
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TOXICITY OF PENTACHLOROPHENOL TO THE COMMON 
HOUSE BORER ANOBIUM PUNCTATUM DE GEER 

1. RESIDUAL CONTACT AND OVICIDAL ACTION 

By D. Spiller, Plant Diseases Division, Department 
of Scientific and Industrial Research 

(Received for />ubHcatton, 9th January, 1948) 

Summary 

This paper, after reviewing the literature on insecticidal activity of 
pt‘ntachU)rophenol, discusses the importance of residual contact insecticides 
for control of infestations of the common house borer, Anohium punc- 
taium De Geer. The techniques of testing, block treating and of measure- 
ment are given in detail. It was found that pentachIoro})benol acted as 
a residual contact insecticide, an average of 0.18 eggs per female being 
laid on blocks treated with 22 per cent, pentachlorophenol comi)arcd with 
8.2 eggs per female on untreated blocks. Further, of the eggs laid on 
treated blocks only 23.3 per cent, hatched compared wilh 93.4 per cent, 
hatching on untreated blocks. These two factors gave a control equivalent 
to killing 99.4 r»er cent of potential eggs. 
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Repetition of the experiments after treated blocks had aj?ed for one 
and two years showed that while these effects do not appear to be perma- 
nent they are sufficiently lasting to w^arrant the extensive use of penta- 
chlorophenol for control of existing infestations. 

pENTACTiLOROPHENOL was first used as a fungicide. It has since been 
widely used for preventing fungous decay of timber in houses and timber 
in contact with the ground. From this use i)entachloropheno1 has gradu- 
ally been adopted as a general timber preservative and is now recom- 
mended for prevention and control of both fungous and insect attack. 

There are few references to the effectiveness of pentachlorophenol 
for preventing insect attack of seasoned timber and only scattered 
attempts have been made to assess its vjUue for this purpose. Most tests 
have been made against termites, but results from such tests may not 
apply to limlx*r insects proper {Anobium; Lyctus) because of biological 
differences of the two groups. 

The insecticidal propcTties of pentachlorophenol have been noted by 
several investigators. Tattersfield, Gimingham and Morris fl925) found 
that as a spray in l)enzene solution, coYicentrations al)ove 0.1 per cent, 
showed toxicity as a contact poison against Aphis rumicis. Ginsburg 
and Granett (1935) by feeding larvae of silk moth (Homhyx mori) on 
mulberry leaves sprayed with various dilutions of pentachlorophenol, 
found that concentrations of 0.10 per cent, gave a complete kill in two 
days and that the lowest dilution tested (0.025 per cent.) was appreciably 
toxic. Bushlands (1940) found that 0.67 per cent, of pentachlorophenol 
gave complete control of young screw worm larvae (Cochliomyia ameri- 
cana), Pentachlorophenol was also found to be toxic to young codling 
moth larvae (Smith, Siegler and Munger, 1938). In addition it has 
shown pronounced toxicity against termites (Wolcott, 1945). Kelsey 
(1946) has shown that Anobium females did not oviposit on blocks that 
had been treated with 5 per cent, pentachlorophenol solutions. Weinman 
and Decker (1947) reported that pentachlorophenol was toxic to black 
carpet beetle i Attagenus picetts), the toxicity being retained for more 
than eighteen months after treatment. The West Indian dry-wood 
termite iCryptotermes hreins) was used by Wolcott (1947) to measure 
permanence of termite repellents. He found that wood dipped in a 
1.0 per cent, solution of pentachlorophenol resisted attack for 337 days 
and that specimens dipj^ed in 2 and 5 pc*r cent, solutions were still 
unaltacked after 33 months. 

Large amounts of pentachlorophenol are used each year in New Zea- 
land by commercial concerns s|>ecializmg in treating infestations of 
common timber insects. Repeated reports of satisfactory control of 
Anobium infestations after surface spraying with pentachlorophenol 
solutions suggested that i>enlachlorophenol may act as a residual contact 
poison and indicated the need of investigating the effectiveness of this 
material. 

Preliminary experiments confirmed the suggestion that i>entachloro- 
phenol acted as a residual contact insecticide and showed that it was 
capable of killing Anobium lieetles after a few hours of contact. 

Residual contact insecticide.s have an important place in the control 
of existing infe.stations of Anobium, In a house so much timber is in- 
acces.sible that no surface treatment can kill all larvje present. If how- 
ever, a residual contact insecticide is sprayed on to these surfaces, beetles 
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will be killed soon after they emerge and before eggs are laid. Because 
development of Anohtum from egg to adult takes at least three years, the 
recognised contact insecticides (e.g. D.D.T.) may not be suitable for this 
purpose as their residual films lose eflFectiveness within a few weeks or 
months of application. With such insecticides it would be necessary to 
spray prior to the flight in each year, making the cost prohibitive. If, 
however, a residual contact insecticide, effective for at least three years 
could be found, then economic control of infestations would In? assured. 

This investigation of pentachlorophenol had as its purpose the 
measurement of contact effects and permanence, as these relate to the 
problem of Anobium control. The methods of obtaining known doses 
of pentachlorophenol are not identical with commercial operations, but it 
is considered that the doses listed here approximate the doses that would 
occur with solutions of similar concentration used under field conditions. 
The exact relationship will be investigated in further experiments. 

Biological Methods Tech niqu k 

The single female technique and Type IV cages as described by 
Spiller (1948) were used throughout this investigation. Methods of 
collecting, sexing and handling the Anobium beetles were identical with 
, those described in the al)ove pa]>er. Standard methods were used for 
egg counting and for assessing egg hatching, the criterion of hatching 
being presence of frass within the egg capsule. Each lest was carried out 
at 22.5°c. and at constant humidity. The humidity, however, was 
changed from year to year as knowledge of optimum conditiotis accunui-. 
lated. 

Measurement Methods 
Measurement of Residual Contact Effects 

It has been usual practice to measure the efficiency of inseclicid;il 
films in tenns of mortality of the test insect. Sometimes this mortality 
has been recorded at the end of a staled |x*riod and while insects were 
still dying, but in other ca.ses mortality has been recorded after it 
became stationary. In these experiments toxicity was mt^asured by the 
numbers of eggs laid before females were killed by contact action, "rhis 
method simulates field practice and consequently presents no difficulties 
of interpretation. Such difficulties do occur with mortality counts and 
statements such as “ 66 per cent, dead in 24 hours are almost impossil)le 
to interpret in tenns of field usage. 

Measurement of Ovicidal Effects 

The ovicidal effect was measured by counting the numbers of eggs 
which had hatched and comparing this number with the total eggs laid. 
Measurement of Potency-dosage Effects 

The relationships between dosage of pentachlorophenol and the con- 
trol at each dosage is of great importance. This relationship was 
measured by taking the . following series of dosages 0.25 per cent., 0.6 
per cent., 1.0 per cent., 1.5 per cent., 2.2 per cent., and measuring the 
residual contact and ovicidal effect at each dosage level* 

Measurement of Perimnence 

Permanence was assessed by treating all blocks at one time and using 
the same blocks in successive years. The blocks werf thus aged for a 
few weeks, a year and two years before being used to'ifneasure the above 
effects. 
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Methods of Treating Blocks 

The blocks used in these experiments had average dimensions of 
2.5 cm. X 2.5 cm. x 0.8 cm. The methods of cutting blocks were such 
that the 2.5 cm. x 2.5 cm. face, was the cross grain of the tim1)er and the 
lesser dimension was along the grain. The use of end grain follows 
from the necessity of providing adequate egg laying sites. Eight boards 
were used: — Two pine (Pinus radiate D. Don) ; one rimu (Dacrydium 
cupressinum Sol.) ; two matai (Podocarpus spicatits K, Br.) and three 
kahikatea {Podocarpus dacrydioides Rich.). Blocks from these boards 
were kept as separate entities throughout treatment. Vvom each board 
groups of twenty* blocks were taken at random and one of the.se groups 
allocated to each dosage level. In all, there were 65 different combinations 
of “ wood-dosage ” and 862 blocks. 



Fui. 1.— Relation between numlier of eggs laid (as square root of 
percentage of checks, Table TV) and dose of pentachlorophenol 
in each year. 

Blocks were treated in the following standardized manner : — group 
of blocks was placed in a KXX) ml, beaker. A wire gauze circle of the 
same diameter as the beaker was placed on top of the blocks and a lead 
weight placed on this gauze to prevent the blocks floating when the 
treating solution was run in. The beaker with the blocks was placed in 
a large desiccator and the unit evacuated with a Hyvac pump for 30 
minutes. At the end of this peritxl almost complete vacuum was estab- 
lished. Treating solution was now run into the beaker and after the 
required amount (usually 600 ml.) had been added, the vacuum was 
released and the desiccator opened. 

l^xperiments have shown that under these conditions of treatment, 
the volume of liquid taken up by the blocks is substantially equal to the 
volume of the initial voids within the blocks and thus penetration is 
complete. 

* {►Usually there were 20 blocks, in a few cases there were 14 or 15, while with 
board No. 4 and No, 7, 28 blocks were used at each dosage, ' 
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After the blocks had soaked for an hour they were removed from 
Ae beaker and placed on their narrow edge (0.8 cm.). This allowed the 
two egg-laying surfaces to dry equally. After drying blocks were stored 
in the humidity room until required for experiments. This procedure 
was repeated at each ‘‘ wood-dosage ” combination. 

Treating solutions were made up separately for each treatment. No 
plasticiser was added. Concentrations are expressed as grams of pen- 
tachlorophenol to 100 ml. of solvent. These solutions were made up in 
a highly volatile solvent (petroleum ether 40®-70®c:.) which, unlike the 
more conventional kerosene or mineral turpentine, left no residue likely 
to influence the insecticidal potency of the pentachlorophenol. As a 
dieck on absence of solvent toxicity, eight sets of blocks, one of each 
board, were treated with solvent alone and used as a comparison wdth 
untreated blocks. As no differences in egg laying or egg hatching were 
found, figures from these solvent treated blocks have been grouped with 
untreated blocks and termed checks in the tables below. 



Frc. 2. — Kelalion between percentage t>f eggs hatching (as equiva- 
lent angles) and dose of ])entachU>ropheno1 for the 1944-43 and 
1946-47 flight. 

Methods of Co-ordination of Results 

Co-ordination of the results of the experiments reported in Table.<5 
I- VI II necessitates transformation of the percentages pf eggs laid, of 
eggs hatching and percentage control ” to other scales approximately 
linear upon dosage or a function of dosage. 

For egg-laying this linearity is achieved by transforming the per- 
centage number of eggs laid to their square roots and plotting against 
dosage (Fig. 1). 

For egg-hatching and control percentage approximate linearity is 
achieved by transforming percentages to equivalent angles and plotting 
against dosage (Fig. 2) or the logarithm of the dosage (Fig. 3). 

A further co-oi'dination of results is effected by plotting “ control 
percentage” values of the 1944-45 flight against percentages of similar 
dosages of the 1946-47 flight. A straight line results (Fig. 4). 

In some cases the lowest dose (0.25 per cent.) has been excluded 
from these figures because it fails to conform with the general trend of , 
results at higher dosages. Such observations arc Sot uncommon in 
toxid^ studies (Finney, 1947) and it now seems generally accept^* 
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that rejection of results from lower dosages is a valid procedure, if in 
fact they do not follow the general trend of higher dosages and if 
interest is centered around the higher kills. 



Fig. 3. — Relation between percentage control (as equivalent angles) 
and logarithm of dose of pentachlorophenol for the 1944-45 
and 1946-47 flight. 

The reasons for exclusion of the egg hatching results of the 1945-46 
flight from Fig. 2 and control percentages of the same flight, from Fig. 3 
will be apparent after examination of results. 



Fig. 4.— Relation between percentage control of the 1944-45 flight 
and percentage control from the same blocks two years latei 
(1946-47 flight). 

Most of the data in the tables were in a form suitable for examination 
by methods of analysis of variance. . In some cases single classification 
has been onployed, in others two way classification as woods and 
dosages. These analyses have not been computed on raw data but on 
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figures obtained after various transformations. Percentage hatchings 
were transformed to equivalent angles. Mean numbers of eggs laid were 
transformed to their ^square roots. The number of eggs laid by each 
female was used for analysis of the data on which Table II is based, 
after transforming the number laid per female to Vh + 4, which trans- 
formation has been recommended by Bartlett (1947) where the means 
are small and where zero values occur. The use of both transformations 
follows from the known root-normal distribution of Anohium egg-laying 
(Spiller, 1948). The data in Tables 1 and V have not been analysed 
^cause the very small numbers of eggs at the higher dosages introduce 
an instability into both the mean values for eggs laid and the hatching 
of these eggs. However, the significance of the data is obvious from 
inspection. 

Results 

A. Residual contact effect 

I. The 1944-1945 flight 

In this year the experiment comprised five concentrations of pen- 
tachlorophenol (0.25 per cent., 0.6 per cent., l.O per cent., 1.5 per cent., 
2.2 per cent.) an untreated and a solvent check with each board. Relative 
humidity was 75 per cent. Approximately a month after treatment, a 
randomly selected “ female and male were placed on each block. Three 
months later the number of eggs laid by each female and the number 
hatching on each block were recorded. Th(‘ mean number of eggs per 
female is shown in Table 1. 


Table I. Mean Numbek of Eggs per Female Laid at Each Combination 

OF WOOD-PENTACHLOROPHENOL DoSAGE TOGETHER WITH THE 

Weighted Mean (1944-1945 Flight) 


Board 

Number. 

Wood. 

1 

Dosage of Pentachlorophenol (Per Cent.) 

Check 

0.25 

0.6 

1.0 

1.5 

2.2 

1 

Pinus 

4.9 

9.1 

1.3 

1.2 

1.2 

0.05 

, 2 

Pinus 1 

7.2 

6.5 

0.2 

0.1 

0.5 

0.1 

3 

Rimu 

15.9 

1.1 

0.7 

0.2 

0.1 

0.1 

4 

Matai 

6.1 

3.2 

4.8 




5 

Matai 

8.2 

6.1 

0.1 




6 

Kahikatea 

7.4 


2.1 

2.4 

0.5 

0.05 

7 

Kahikatea 

6.9 

5.8 

0.8 

0.4^ 

0.4 

0.2 

a 

Kahikatea 

15,7 

8.0 

0.1 

0.1 

0.0 

0.3 

Weighed mean 

8.2 : 

1 00 

1 

i 

1.43 

0.66 

0.53 

0.18 


The decrease in number of eggs as the dosage increases is obvious, 
II. The 1945-1946 flight. 

The blocks of board No. 7 (Table I) were again used for this year 
to confirm the residual contact effect and to measure loss in potency. 
Twenty-eight blocks were used. Other methods were identical with those 
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of the previous flight except that the humidity of testing was 80 per cent. 
The mean number ot eggs laid per female at each dosage is shown in 
Table IL 


Table 11. Mean Number of Eggs fer Female Laid at Each Dosage Together 
WITH THE Data Required for Tests of Significance. Tests of Significance 
MUST be I*KRrORMEX> ON THE TRANSFORMED DaTE. (1945-1946 FlIGHT) 


j 

j;)osage of Pentachlorophenol ! 

(Per cent ) ■ 

. - . ^ .< 

1 

('heck 1 

1 

, 0.25 

1 0.6 

i 

I.O 

1.5 

2 2 

Mean nurnlier of eggs ]3er female | 

6.2 

- 8.4 

, 10.4 

3.6 

3.5 

1.7 

Mean of Vii f jj of nunil)er of 1 

egg.s per female | 

2.1 

2.4 

I 2.7 

.1 

1.5 i 

! 

1 1.5 

1 

1.2 

Standard error of the mean of | 

ViTT^i ! 

0.29 

- - 

1 

1 1 

— 

i 

— 

J.east differences for significance 
at 5 per cent level j 

1 

0.81 

1 

i 


1 -7 r ■ 
1 

i 

1 

1 




The differences between the doses are highly significant. The details 
for tests of .significance are included in Table II. 

HI. The 1946-1947 flight. 

Seven of the eight sets of blocks used in 1944-45 (Table 1) were 
used for this year. Over two years had elapsed since these blocks were 
treated and any loss in potency with lime, should have been apparent. 
Somewhat unsatisfactory results were obtained in the previous year and 
as this was considered due to insufficient replication, a reversion was 
made to larger numbers- -a technique which had given satisfactory 
resull.s in the first year. In all 598 females and blocks were used. The 
humidity of the testing room was 86 per cent. 

The mean number of egg.s per female at each combination of “ wood- 
dosage ” is given in Table TTI. 


Table Hi Mean Number of Kcjgs per Female I-aid at Each Combination of 
“ Wood-pentachlorophenol Dosage ” Together with the Weighted Means 

(1946-1947 Flight) 


Numbei . 

! 

Wood 1 

1 

Check 

Dosage of Pentachlorophenol (Per cent 
^ ».25 i «.6 f 1.0 i 1.5 

I • > 1 

) 

2.2 

Weigh- 

ted 

mean. 

1 

Pin US 

21.3 

26,3 

18.8 

16.0 

9.7 

2.4 

15.7 

3 

Kiniu 

28.8 

16.5 

23.6 

9.8 

l.l 

1 .5 

13.5 

4 

Matai 

16.4 

16.3 

15.6 

22.3 

8.3 

10.6 

14.9 

5 

Matai 

34.1 

1 24.5 

16.4 

25.8 

25.2 

15.7 

23.6 

6 

Kahikatea 

18.7 

1 14.0 

26.6 

6.1 

1.9 

1.5 

11.0 

7A 

Kahikatea 

17.1 

16.5 

19.4 

31.0 

15.2 

5.2 

17.5 

7B 

Kahikatea 

19.7 

14,1 

29.6 

11.2 

7.4 

4.5 

12.6 

8 

Kahikatea 

19.6 

22.2 

13.8 

13.4 

3.7 

^•7 

12,7 

Weighted mean 

MO 

19.0 

19.7 

i 

17.8 

9.4 

5.8 i 

1 
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The differences between woods are not sig^nificant; the differences 
between dosages are highly significant. The means of the square 
roots of the means are shown in Table ill A, together with the standard 
error of this mean and the least difference required for significance at 
the 5 per cent, level. 


Table IHA. Data Required for Tests of Significance between Number of 
Eggs Laid at Each Dosage of Pentachlorophknol as Given in Table 111. 
The Tests of Significance must be made in the Transformed Data 


Dosage of Pentachlorophenol 
(Per cent.) 

Check 

0.25 

0.6 

1.0 

1.5 

2.2 

Mean of square root of mean 
number of eggs per female 

4.6 

4.3 

4.5 

4.0 

2.7 

2.1 

Standard error of mean 

0.28 



-- 


- 

Least differences for significance 
between any two means 
(5 Per cent.) 

1 0.81 

1 

1 

1 





In Table IV the number of eggs laid in each year has been shown 
as a percentage of the check of that year. In this way allowance* is made 
for year to year variation in numbers of eggs laid, thus facilitating 
comparison between different experiments. 

Table IV. Mean Number of Eggs per Female at Each Pkntachj.orophenol 
Dosage in Each Year Expressed as a Percentage of the Mean Number 
OF Eggs Laid on Check Blocks of That Year 


Pentachlorophenol Dosage Per cent 


Flight year. 

Check 

0.25 

0.6 

' ' 1 .0 ‘ 

■‘■'i.s 

2.2 

1944-45 

100 

70.7 

17.4 

8.1 

6.5 

2.2 

1945-46 1 

1 

1 KH) 

1 

100 

100 

58.1 

56.5 

27.4 

1946-47 

1 

100 

86.4 

; 89.5 ! 

L ! 

! 80.9 

42.7 

26.3 


B. Oinddal effect 

In addition to acting as a residual contact in.secticide, pentachloro- 
phenol has an ovicidal effect. This was measured by counting the number 
of hatched eggs on each block, grouping their values for each “ wood- 
dosage ” combination and then converting these to a percentage hatching 
of total eggs on these blocks. The grouped data from the 1944-45 flight 
are shown in Table V. These percentage hatchings arc also shown as 
equivalent angles in Table V and these angles are plotted against dos- 
ages in Fig. 2. 


Table V. Number of Eggs Laid and Percentage Hatching of these Eggs at 
Different Dosages of Pentachlorophenol (1944>1945 Flight). The 
Equivalent Angles of Percentage Hatching are also Shown 


Dosage of Pentachlorophenol 
(Per cent.) 

Check 

i 

0.25 

0.6 

1.0 

1.5 

2.2 

Number of eggs laid 

2392 

938 

242 

110 

88 

30 

Percentage hatching 

93.4 

89.8 

69.1 

73.4 

35.5 

23.3 

Equivalent angles of percen- 
tage hatching 

75.1*' 

71.4® 

56.2® 

58.9® 

36.6® 

28.9* 
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The hatching percentages of the following year (1945-46) are 
given in Table VI. 


Table VI. Number of Eggs Laid and Percentage Hatching at Each 
Dosage of Pentachlorophenol (1945-1948 Flight) 


Dosage of Pentac}iloroj>lienol ! 
(Per cent.) 

Check 

0.25 

0.6 

1.0 

1 .5 

2.2 

Number of eggs laid 

174 

233 

291 

102 

99 

1 

48 

Percentage hatching 

89.7 

96.2 

91.4 

95.1 

69.5 

1 

72.9 


These dififerences are not significant. No suggestion is available as 
to why such results should arise in this year. 

The hatching percentages of the 1946-47 flight are given in 


Table VH Number of Kggs I.aid and Percentage Hatching of These Eggs 
at Different Dosages of Pentachlorophenol (1948-1947 Flight) The 
Eqi’ivalicnt .Angles of J’krcentage Hatching ark also Shown 


Dosage of Penlachloiophenol 
(Per cent ) 

Check 

0.25 

0.6 1 

1.0 

1.5 

2.2 

Number of eggs laid 

2I7« 

1733 

1893 ! 

1890 

93.5 

613 

Percentage hatching 

91.2 

86.7 

81.2 ! 

1 

59.8 

32.1 

11.6 

Mean equivalent angle 

74.9“ 

1 _ 

68.3“ 

6.5.4- 1 

.50.6^ 

37.5“ 

21. 3» 

Standard error of angular 
mean 

1 2,92“ 1 

1 1 

1 

i 

I 

1 

! : 

. - - j 

1” '7 ~ 1 

1 

! 

L 

Least Difference required for 
significance at 5 percent 
level 

1 

8.4*^ 

r * “ ; 

1 

i 

i 

■ 




There were no significant differences in the hatchings on different 
woods, but the differences between dosages are highly significant. The 
angular values are plotted in Fig. 2 together with the similar values of 
the 1944-45 flight. 

C. Percentage control 

In the results given above (Tables I-VTl) two effects have been 
considered : the action of pentachlorophenol as a residual contact insecti- 
cide and its ovicidal action. It is desirable to merge these two effects 
into a single figure which mea.sures the overall control afforded by a 
particular dosage. This is achieved when the figures in Table TV are 
multiplied by the hatchings as given in Tables V, VI, and VII after the 
latter have been corrected for check mortality. This correction is normal 
procedure, the appropriate fonnula being that given by Abbott (1925). 
The figures arrived at in this way are termed “ percentage control 
in this paper. It is a measure of the number of viable eggs which occur 
at a particular dosage when 1(X) viable eggs appear on the check blocks. 
The values for the three years are given in Table VI H. 
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Table VIII. Percentage Control at Each Dosage of Pentachlorophbnol 

IN Each Year 


Dosage of Pentachlorophenol (Per cent.) 

0.25 

0.6 

1.0 

1.5 1 

1 

2.2 

1944-45 Per cent, control 

30.9 

86.2 

93.5 

97.5 

99.4 

1945-46 Per cent, control 

11.3 

0.0 

61.7 

68.9 

85.3 

1946-47 Per cent, control 

18.5 

21.0 

64.6 

85.2 

96.7 


These values for the years 1944-45 and 1946-47 are plotted against 
each other in Fig. 4. The values for the 1945-46 flight period have been 
excluded because of the anomalous hatching values in that year. 

Discussion 

Three factors are important in any discussion of the value of pen- 
tachlorophenol for control of Anobium infestations: residual contact 
effect, ovicidal effect and permanence. From the data in Tables I-Vfll 
there can be no doubt that pentachlorophenol has a residual contact effect 
and that it is also ovicidal. This fortunate combination of separate effects 
results in excellent control being achieved (Table VIII) with dosages 
of a few per cent. However, Figs. 1, 3 and 4 each indicate that pentach- 
lorophenol cannot be regarded as permanent in the sense of lasting indefi- 
nitely. Fig. 1 shows that many less eggs were laid at each dose during the 
1944-45 flight than in subsequent flights. From Fig. 3 it appears that the 
“ percentage control ” of the 1944-45 experiment was much greater than 
that of the 1946-47 flight, while Fig. 4 shows that loss in control during 
the test period is linearly related to control at the commencement of 
test and indicates that a dosage with initial control of 82 per cent, 
would give no control two years later. From Fig. 4 it could be argued 
that, if 100 per cent, control were achieved with the initial dose, then 
no loss in control would result within the next two years and this argu- 
ment could be repeated for succeeding periods and would lead to an 
assumption of permanence when a certain dosage is applied in the first 
instance. Such argument is specious, but does not conform to the data 
of Fig, 4 in which it is shown that loss in toxicity is proportional to the 
original potency. 

Fig. 4 suggests that loss in potency is proportional to the quantity 
of pentachlorophenol used in the initial treatment. Such a loss could be 
explained by volatilisation of pentachlorophenol. The vapour pressure 
of pentachlorophenol is very low at normal temperatures (0.00011 mm, 
mercury at 20® c., Hatfield, 1945), but nevertheless may cause appreci- 
able loss of material within two years. Evaporation is not the only 
mechanism which can account for this loss in potency. Hatfield (1945) 
has stated that ultraviolet light causes some decomposition of f^enta- 
chlorophenol and it is possible that other slow chemical changes may 
take place. Furthermore, it is impossible to prevent some mechanical 
loss of material from the surface of the blocks however carefully they 
are handle<l. Nevertheless, handling losses alone do not account for the 
large loss in potency which has occurred. 

It is considered that the results show that pentachlorophenol has not 
the long lern^ permanence which is necessary in a timber preservative 
when this material is used for pretreatment to prevent insect attack. 
On the other hand, as a residual contact insecticide j^ntachlorophenol 
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is the only material as yet tested which fulfills the requirements of 
efficient control of existing infestations of the common house borer, 
Anobium punctatum. 

The dosages listed in this paper are not strictly comparable with the 
dosages as used in house treating. These are applied by flood spraying, 
while the dosages used in these experiments were applied by full impreg- 
nation under vacuum and pentachlorophenol may have concentrated at 
the surface as the solvent evaporated. However, it is considered that the 
experimental figures may be used as estimates of requirements in 
practice. Taking the figures in the tables above and calculating loss in 
potency, it would seem that efficient control demands the use of at least 
a 5 per cent, solution of pentachlorophenol. Given thorough application, 
a 5 per cent, solution could be relied on to give control of emerging 
Anobium for a period of from three to four years. 
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AN INVESTIGATION INTO NUMBERS OF EGGS LAID 
BY FIELD COLLECTED ANOBIUM PUNCTATUM DE GEER 

By D. Spiller, Plant Diseases Division, Department of Scientific 
and Industrial Research 

(Received for publication, 14th May, 1948) 

Summary 

Field collected Anobium punctatum females show great variation in 
numbers of eggs laid. As many lay none or very few eggs the frequency 
distribution of egg-laying is markedly .^ewed towards the lesser items. 

It was found that these skew distributions plot as straight lines when 
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frequencies of the cumulative distribution are converted to percentages 
and then to probits and these plotted against the square roots of numbers 
of eggs laid. Thus distributions are root-normal. With single females, 
curves are always truncated, while with groups of females the degree of 
truncation decreases as group size increases until, when sufficiently large 
groups of females are used distributions are truly root-normal. It is 
considered that skew distributions originate with methods of collecting 
and do not represent egg-laying in the field. 

Females with extruded genitalia laid but few eggs. Size and activity 
were also correlated with number of eggs laid — small females and large 
active ones producing fewer eggs than large inactive females. Techniques 
for utilising females are discussed with reference to egg-laying distribution 
and it is considered that the present method of using from 15-2S females 
randomised as to both locality and date of collection is adequate. Two 
cages suited to Anohium work are described. 

A DETAILED knowledge of the biology of the common hoii.se borer 
Anohium punctatum De Geer i.s necessary if adequate methods of 
control are to be evolved. Such knowdedge is especially necessary for 
development of techniques for biological assay of timber preservatives. 

The testing method that has proved suitable involves development 
of larvje from the egg stage and does not start with partly grown larvae. 
This has focussed attention upon the general biology of oviposition and 
especially upon the number of eggs laid by each female. The latter 
exhibits some unu.sual features and it is the purpose of this paper to 
present data available and to discuss origin and interpretation of these 
features. 



Fig. 1. — Type IV cage used with the single female technique. 

The sexing method as described by Kelsey et al. (1945) has been 
used throughout this work. Beetles were collected from timber in the 
insectary and from infested buildings in and around Auckland city and 
then taken to the laboratory where each beetle was placed in a 5 x 1.5 cm. 
thin walled glass phial. The group from each collecting ground was 
sexed, counted, and recorded and then randomised with all other beetles 
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of the same sex that had been collected that day. Throughout subse- 
quent handling, beetles were left in their tubes and removed only when 
it was necessary to form groups of known numbers of males, females, 
or both. 

The cages used in obtaining egg-laying data were those described by 
Kelsey ct ah (1945) and Types IV and V described below. 

Type IV (Fig. 1). This cage was evolved for use with the single 
female technique (i.e. one female and one male to each test block) in 
which very large numbers of cages and blocks were handled. It has the 
advantage of confining egg-laying to one known surface of the block, 
thereby reducing labour of egg counting. With this cage, block size was 
3.5 X 3.5 X 0.8 cm. with the 3.5 x 3.5 cm. face always the end grain of 
the wood, thus providing adequate egg-laying sites. The method of 
assembling cage and block is shown in llg. 1. 

These cages were produced in large numbers from tinned-plate 
using the dies normally t*mployed to stamp blanks for inch screw-caps. 
'Phe edge-turning, knurling and threa<iing step was modified by eliminat- 
ing ihe.^e operations and substituting the depression of a single ring on 
the side of the cap one-(|uarter of an inch from the base flange. Cages 
were then fed through a press which punched a 7/10 in. hole in the top 
of each. The gauze circles were punched and snapped into position in 
one operation l)y feeding th<* cages through a wadding machine, but 
using brass gauze inst<‘ad of waxed pafH*r as the wadding strip. Cages 
of this type proved \’ery satisfactory even on rough wood: the base 
flange prevented escajK* from under the cage and the gauze, although 
not soldered in position, fitted tightly. 



Fig. 2.— Type V cage used with groups of females. 
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Type V (Fig. 2). Four ounce glass pomade pots with metal screw-on 
lids were used for this cage which is now being used for almost all our 
timber therapeutant testing. A |in. hole is punched in the lid and 
brass gauze of suitable mesh soldered in position. Blocks are placed 
within the jar and beetles are introduced as required. 

Variation in Egg-Laying 

Kelsey et al. (1945) traced some of the excessive variation in number 
of eggs laid by A, punctatum to variations in sex ratio of randomly 
selected material. Introduction of sexing methods allowed the use of 
known numbers of females and eliminated this source of variation. Even 
so, variation was large and sufficient to mar some testing techniques 
evolved in this laboratory. In particular, assessment of results by 
statistical methods has been impossible, since frecjuency distributions 
of number of eggs laid arc non-normal and approach the form known 
as extreme skew characterized by a preponderance of lesser items. 

Three typical distributions are tabulated in Table I which also gives 
the average and maximum number of eggs laid. 

Table I. Frequency Distribution of the Numbers of Kggs Laid by Single 
Field Collected Anobium Punctatum Females 


Number of eggs 
laid by each 
female. 

1 Number of females laying this number of eggs. 

1 Case A. | 

1 Case B. 

1 Case C. 


1 — ' 



0 

180 1 

i no 1 

1 9 

1 

56 

53 

! 3 

2 

45 ! 

! 25 

3 

3 

1 28 i 

19 

3 

4 

i 33 ' 

21 

; 1 

5 

' 28 

14 

1 

6 

! 24 i 

15 

4 

7 

, 19 

11 

3 

8 

: 17 ! 

1 9 

> 6 

9 

i « 

1 . 9 1 

1 4 

10 

! 15 1 

1 10 

3 

11 

i 12 

8 1 

! - 

12 

i 15 

4 

3 

13 

1 14 i 

! 9 i 

4 

14 

: 19 : 

6 

1 

15 

i 7 1 

i 0 i 

3 

16 

8 

4 

2 

17 

10 1 

i 3 

1 

18 

4 

i ^ \ 

' 2 

19 

5 

1 1 

1 

20 

12 

1 2 ! 

2 

21-30 

49 

i 16 j 

14 

31-40 

22 

4 

12 

41-50 

10 

4 

2 

51-60 1 

2 

3 

5 

61-70 ! 

— 1 

- 

4 * 

71-80 

! ^ 1 


2 

81-90 


1 j 

2 

91-100 

— ^ 

! 

; - 


_ _ ^ . — — 



Total females 

643 ‘ 

371 

99 

Season 

1944-45 

1945-46 

1946-47 

Dates Collected 

25th Dec. 

8th Jan. 

18th Dec. 

Atwage eggs 

-12th Jan. 

3.3 

6.2 

22.0 

Maximun eggs 

79 

58 

82 

per female. 

•^-7 
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Single females have laid more than 50 eggs on many occasions and 
individual counts of 86 and 87 eggs have been recorded. From other 
evidence it appears that very rarely, if ever, does a female produce 100 
eggs and that only about one in two thousand will produce more than 
^ eggs, which for practical purposes may be regarded as the upper 
limit of the range. 

In a previous paper (KeLsey et al. 1945) it w'as stated that the 
average number of eggs laid ranged from 15 to 44. Kelsey (1946a) 



SQUARB HOOT OP NUUBBR OF BOOS LAID 

Fid. 3. — Probil-square root plot of number of eggs laid by Anobium 
females. (Jppcr line: Cumulative plot of data of Case A, Table I. 
Lower line: Ditto Case C. 



8QQARS ROOT W WJUBKR Of B0Q8 

Fig, 4. — ^Probit*square root plot of number of eggs laid bj^ Anobium 
females. Vpper line: Cumtilative plot of the 83 females with, 
abnormal genitalia mentioned in text. Lower line ; Ditto Case B. 
Table I. 
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recorded 42*7 on muslin and 34.9 on control blocks (1946b) while in 
this paper there are reported average values of 8.3, 6.2 and 22.0, for 
various years and times. This heterogeneity is explained by the fact 
tihat old females which have laid all or nearly all their eggs are collected 
in increasing numbers as the season progresses until almost all fall 
within this group. Thus at the beginning of the flight the average number 
of eggs produced is high and decreases rapidly until the end of the 
season. This is demonstrated by the figure 22.0 (18th December, 1946) 
and 6.2 (8th January, 1946) of Table 1. Further figures on this point 
are not available but from experience it is known that females collected 
after the first week in January produce few eggs. 

Skew distributions occur frequently in biology and while their treat- 
ment is of wide interest, the statistical aspects involved are not dealt with 
in this paper which is confined to identification of the distribution and a 
discussion of biological aspects. 

Gaddum (1945) has pointed out that, when cumulative frequency 
totals are converted first to percentages and then to probits, and these 
are plotted against the measured variable, a straight line results when 
the distribution is normal. Likewise if the measurement variable is 
transformed to logarithms, a straight line results from log-normal dis- 
tributions. Using these methods on the data in Table I a log-probit 
transformation gave marked curv^es. If, however, the square roots of 
the number of eggs laid are plotted against probits, straight lines result 
(Figs. 3 and 4). Gaddum (1945) also sugge.sted a method of testing 
normality when the number of observations is limited, rendering it 
impossible to assess the frequency of the event. In this method the 
results are ranked and a parallel series of percentages [ ( 100 ( 2r -1 )/2n) 
where n — number of observations and r -- rank ) is formed, converted 
to probits and these values plotted against the transformation of the 
corresponding variable. Typical cases are shown in I'igs. 3 and 6 where 
the square root of the number of eggs laid is plotted against the ranked 
probit. These eight cases show that while the frequency distribution is 
not normal, it can be normalised by transforming the number of eggs 
laid to their square root. It should be noted that with single females the 
frequency curve is truncated. 

Egg-laying of groups of females duplicates that of single females and 
gives square-root normal distributions. As size of the group increases 
degree of truncation decreases (compare I"ig. 5 left with Figs. 3 and 4) 
until truly root normal distributions are obtained (Fig. 5 right, Fig. 6). 
As is to be expected, the average number of eggs per female is similar 
and the range less per female. 

While the large numbers of females which lay no eggs or very few 
eggs is characteristic of field collected Anohium, it is unlikely to repre- 
sent egg-laying under natural conditions. Rather it would seem that this 
preponderance of lesser items originates with methods of collection and 
the known behaviour of beetles. Females spend considerable time in 
exit holes and here they lay many eggs. Daily collection of a small area 
occupies only a few minutes and the proportion of females collected to 
those present in the area is small. Some that are missed will be collected 
on the following and successive days. Beetles taken on the day of 
emergence may be regarded as virgin, but a day's collection comprised 
not only females emerged during the past twenty-four hours, but also 
some which have emerged on previous days and which hgive already laid 
a portion of their eggs. It is known that the last few eggs are laid over 
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a period of several days and that females live for some time after the 
last eggs are deposited. Tf it is assumed that females that have laid most 
of their eggs spend more time on the wood surface than those still 
actively laying, then the preponderance of lesser items in Table I is 
explained. 



0 2 U 6 6 10 12 iU 16 


SQUARE ROOT OF NUMBER OF BOGS 
LAID 

FKi. 5. — l*rol)it -square root plot of number of eggs laid by 
Afwhium females. On hit: Cumulative plot on grouped data 
of 52 groups of seven matched pairs expressed as average ^gs 
per female. On right: Ranked plot of total eggs on eight 
blocks each with seven matched pairs. 



0 2 U 6 d 10 12 1U 16 18 20 

SQtJARB ROOT OF HWBBR OF BOOS XAS) 


Fto. 6.— ‘Probit-square root plot of number of eggs laid by Ano- 
hium females. Upper line: Ranked plot of 20 blocks each with 
four mated pairs. Lower line*. Ditto twelve blocks each with 
15 matched fmtrs. 
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At one time it was considered that the single female. technique would 
be adopted as a standard testing method. A major difficulty was the 
large number of blocks on which few or no eggs were laid. Blocks with 
less than 10-15 eggs were unsuitable for testing purpe^ses; about three- 
quarters of them fell in this category and these carried about 60 per 
cent, of the total eggs. This waste of eggs and the large amount of 
work involved in preparing and then discarding 75 per cent, of the 
blocks eventually necessitated abandonment of this technique, but before 
new methods were evolved, causes of this variation were investigated and 
an attempt made to select females for potential high egg-laying. The 
following criteria were used. 

(a) Abnormal genitalia 

In females the telson is normally mobile and retracted. Many females 
show deviations from this condition, es|X!cially a lack of mobility together 
with permanent extrusion of telson and surrounding tissue. Experience 
suggested that these abnormalities were associated with older females 
and that these laid few eggs. On 8th January, 1946. the day's collection 
of 457 females from nine collecting grounds was examined and 88 
females were culled as showing typical extruded genitalia. Of these 
83 were paired with healthy males and set up with one female per block. 
Number of eggs laid was 112, an average of 1.35 eggs ]xt female; 53 
females laid no eggs, 13 laid one egg, 7 laid two eggs and 3 laid four 
eggs each. The remaining seven females laid five, seven, eight, nine, 
ten, 12 and 22 eggs res|)ectively. Seventy-five of the normal females 
treated in the same way laid 468 eggs, an average of 6.24 eggs per female, 
IS averaging over ten eggs each. Jn a further test 50 females with 
extruded genitalia laid 126 eggs, an average of 2.52 per female, 19 laid 
no eggs and only three laid ten or more. 7'his data shows that females 
with extruded genitalia produce few eggs and for testing purposes could 
be discarded. 

(b) Size and activity 

From the 369 normal females, which remained after culling those 
with extruded genitalia, 150 were taken at random for another experi- 
ment, while the remaining 219 were sorted into large and small females. 
These groups were kept separate during further sorting which was based 
on activity. Kelsey et al (1945) mentioned that activity of males, 
measured by lime taken to climb the sides of phials, gave an indication 
of physical well-being of the insects. Development of this method of 
assessing activity has been to tap the insects to the bottom of the tubes, 
stand these upright and after two minutes remove those in which beetles 
have crawled more than half way up the tube. Remaining tubes are 
swept into a box and after five minutes the process is repeated. These 
three classes are reported as firsts, seconds and residue. The numbers 
which fell in the various groups are shown in Table II. 

Table IT. Classification of Females According to Their Activity 



Firsts. 

Seconds. 

j 

Kesiclue. 

Total. 

Large females 

61 

28 

37 

m 

Sm^ females 

$2 

16 

25 ] 

9S 

Total 

i 113 

44 

62 1 

1 

219 
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Usually there is an excess of males at the beginning of the season, 
but by mid-flight numbers are about equal and excess females occur as 
the season draws to a close. Occasionally there are not enough males to 
allow all females to be paired and some have to be used without males. 
As there was insufficient knowledge of how absence of a male would 
affect egg-laying, groups with the highest activity were halved and used 
with and without males. The average number of eggs laid by each group 
is shown below (Table III). 


Table III. Average Number op Eggs Laid by Females 
Sorted According to Activity 



1 l'irsl.s 

1 With males. * 

Without 1 
males. ' 

Seconds 

i 

1 

1 Kesidue. 

\ 

1 . 

Together. 

Large females 

1 7.8 * 

‘ 7.7 ' 

11.3 

1 17.1 1 

11.3 

Small females 

I 8.1 

2.9 

4.3 


3.6 

1 ogetlie* 

i 5.7 : 

5.4 

8.8 

: 11.9 ! 

8.0 


1 1 is clear that small females produced fewer eggs than did large 
females and that activity is not an adequate method of sorting small 
females for egg jiroduclion. With large females the least active produced 
most eggs. Presence or absence of a male made no difference to egg 
production and it can \k* concluded that all females had been fertilized 
before collection. However, it is possible that earlier in the flight some 
females may be collected that have not been fertilized or ^lerhaps more 
than one mating may lx? required to fertilize all eggs. 

As details of egg-laying liecamc known, methods of utilising females 
in cages were either modified or rejected. 'Of the four methods described 
by Kelsey ct al, (1945) both the random (un.sexed) and the method of 
mated pairs have bt'en abandone<l as unsuitable. The “ female plus 
male method is now standard and is .subject only to variations in the 
number of females used in each cage. The single female technique was 
retained temporarily for as.sessnient of the effects of contact insecticides 
(Spiller, 19^) but even this use has ceased now that the form of egg- 
laying distribution has been identified. 

The present method is to use groups of from 15-25 females, ran- 
domised both as to locality and date of collection. The former is 
achieved by randomising all tubes of the same sex from all collecting 
grounds each day. As females are never held in tubes for more than one 
day the latter must be achieved by allocating beetles to each group at 
suitable time intervals throughout the season. 

The fourth technique described by Kelsey et al. (1945) has not been 
further investigated as now no attempt is made to .sort females or to 
discard those with abnormalities or injury. 
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A NOTE ON THE SUSCEPTIBILITY OF HEAT TREATED 
WOOD TO ATTACK BY THE COMMON HOUSE BORER 
ANOBIUM PUNCTATUM DE GEER 

I 

By D. Spiller, Plant Diseases Division, Department of Scienti6c 
and Industrial Research 

{Received for publicaiion, 12th September, 1947) 

It has already been shown that drastic heat treatments lower the 
equilibrium moisture content (E.M.C.) of kahikatea {Podocarpus 
dacrydioides A. Rich.), riinu (Dacrydium cupressmum Soland) and pine 
{Pinus radiaia D. Don.) (Spiller, 1948a). As it was considered that 
such treatments might alter the liability of timber to attack by timber 
insects, investigations were carried out on the susceptibility of heated 
wood to the attack of the common house borer Anobium piinctatum 
De Gkier. Details of this investigation are. given in the present paper. 

The method of heat treatment was the same as that described in a 
previous paper (Spiller, 1948a), while the biological testing method 
was identical with that described by Spiller (1948b). 

Design of the experiment was as follows: — Two random sap-w'ood 
boards of each of the two timbers, kahikatea and pine, were cut into 
blocks, approximately inch cubes. These blocks were formed into groups 
of 32, eight from each board, and each group was heated for 24 hours 
at one of the four temperatures, 105® c, 115®c, 130®(: and 150®c. hVom 
every group two block.s of each board were tested for susceptibility to 
Anobium ; two were retained for determination of E.M.C. The remain- 
ing four blocks were vSaturaled with water and then allowed to dry. T wo 
of the water treated blocks were tested for susceptibility to Anobium 
and two retained for E.M.C. determination. The water saturated series 
was included because it was considered that .such treatments would alter 
the E.M.C. and thus give information on any possible effects of heat 
treatments not dependant upon changes in E.M.C. Such alteration did 
occur, the water saturated blocks averaging 0.7 per cent, higher in 
E.M.C. than the unsaturated blocks. 

Results of susceptibility tests are shown in Table 1. 

Table 1. Effect of Heat Treatment of Wood on Susceptibility to 
Attack by Anobium punctatum 


Temperature of Treatment 24 Hours. 


Timber Species. 

Board. 

— 



P — - 

1 


-- — ,| 





lOS^’c 

Dr)^ Wet 

115' 

Dry 

^c. 

Wet 

1 mrc. 

1 Dry Wei j 

I.SO’^c. 

Dry Wet 

Kahikatea (Podocar- 

A 


-t f 

4 4 

t 4 

44 

+ 4 

^ 4 

44 

pus dacrydioides) 

D 

+ + 

4 4 

H’ 4 

44 

44 

4 4 

4"! 

4 4 

Pine [Pinus radmta) 

E 

o + 

4 4 

44 

4 4 

44 

4 -1- 

0 4 

44 


H 

4 + 

4 4 

44 

44 

0 4 

44 

4“ 4 

44 


o No live larvae present in block, 
-f i-Live larvae present in block. 
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Results show that drastic heat treatment does not affect the liability 
of timber to attack by Anobium. Similarly, initial experiments demon- 
strated that kiln dried kahikatea (approximately 80® c.) was as liable 
to attack as air dried samples, which result is consistent with those given 
above. 


References 

Spiller, D. (1948a) : N.Z. J. Set. and Tech , 30. {Sec. B), 24. 
(1948b) : Ibid., 30. (Sec. B), 20. 


EFFECT OF HUMIDITY ON HATCHING OF EGGS OF THE 
COMMON HOUSE BORER A.WB/UM PU/VCTATm 

DE GEER 

By U. vSpiller, Plant Diseases Division, Department of 
Scientific and Industrial Research, Auckland 

(Received for publication, 27th November, 1947) 

Summary 

Experiments on effects of controlled humidities (at 22 . 5*c.) on hatching 
of eggs of the common house borer Anobium pundatum De Geer showed that 
egg hatching is independent of humidity above 65 per cent. K.H., but is 
impaired between 50 per cent, R.H. and ^ per cent. R.H. No eggs hatched 
at 45 per cent. R.H. and below. 

Introduction 

Initial investigations on the use of the common house borer Anohium 
pundatum De (leer, for biological evaluation of timber therapeutants 
were retarded by an inadequate knowledge of the moisture require- 
ments of this insect. In particular, the effect of different humidities 
on egg hatching was unknown. This problem was investigated during 
the 1942-43 flight periods. Some information has already been men- 
tioned (Kelsey et aL 1945) and the remainder is presented in this paper. 

Methods 

In this investigation the technique employed was to cage Anobium 
beetles with small blocks of wood at constant humidities. Under these 
conditions eggs were exposed to known humidity from the time of 
oviposition. Some months later the total number of eggs and per- 
centage hatched was recorded. 

Temperature and Humidity, 

As the accuracy of control in humidity experiments is dependent 
upon constancy of temperature, all experiments were carried out in a 
temperature controlled room at 22,5®c. ± 0.5®c. Humidity control 
in the closed containers was secured by using potassium hydroxide 
solution, using the data of Buxton (1931) supplemented at higher 
humidities by data of Hamed and Cook (1M7). 
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Type III cages as described by Kelsey et «/. (1945) were used for 
all experiments. In the 194243 experiments large desiccators were used 
for humidity containers. In the following year independent humidity 
control oif each replica was desired and suitable units were made from 
cut down vermouth bottles (Fig. I). The potash solution was placed 
in the unit and the cage rested upon the raised pressure bottom of the 
bottle. Tops were closed by tightly fitting pressed tin lids sealed in 
position by water-proof sticking plaster. Daily ventilation was un- 
necessary because the potash absorbed the carbon dioxide produced by 
metabolism of the insects. 



Biological. FiC' 1 

In the 194243 experiment 50 random beetles were used in each cage 
and in 1943-44 either three mated pairs or three matched pairs (male 
and female) per replica. The reasons for this change in technique 
together with the methods of collecting, handling and sexing of beetles, 
have been described by Kelsey et al. (1945). 

Experimental, 

In the 1942-43 experiment .six replications were made at each humi- 
dity while in the 1943-44 experiment eight replications were used at 
each humidity with both mated and matched pairs. 

Results 

In both years the total number of eggs at each humidity varied 
between 250 and 1,000 with average values of 300-350 per humidity in 
each experiment. The average hatching of eggs laid at each humidity 
is shown in Tables I and II below. 


Table I. Average Hatching of Eggs of Anohium punctatum at Various 
Humidities (1942-43 Experiment) 


Relative Humidity per cent. 

15 

27 

40 

50 1 

60 

70 

80 

90 

Percentage of Eggs Hatched 

0.0 

0.0 

0.0 

69.7 

75.1 

92.8 

93.4 

87.2 


Table II. Average Hatching of Eggs of AnoHum punctatum at Various 
Humidities (1943-44 Experiment) 


Relative Humidity per cent. 

45 

55 

65 

75 

85 

95 

Pfsrcentage of Eggs Hatched (Mated Pairs) 

0.0 

73.1 

90.8 

88.3 

85.0 

89.2 

M ,, (Matched Pairs) 

0.0 

53.9 

82.9 

93.0 

87.2 

81.0 

(Weighted Mean) 

0.0 

65.2 

89.0 

90.0 

85.8 

87.1 
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Analysis of variance (after angular transformation of the data) 
indicates no significant differences in hatching between the humidities 
above and including 65 per cent. R.H, Humidities below and including 
60 per cent. R.H. all show significantly lower hatching than the higher 
humidities. Although the embryo developed fully at humidities b^low 
45 per cent. R.H., none of the eggs hatched, apparently because of an 
inability of the larvae to pierce the egg capsule. 

In addition to the work reported here much data on egg hatching 
under both controlled and room conditions has accumulated and con- 
firms the fact that egg hatching is little affected by normal variation 
in humidity. With large numbers of eggs the percentage hatching 
always falls between the limits 80-94 per cent, with average values 
around 89-91 per cent. 

f ONCLUSION 

The effect of humidities of 65 per cent, and above on hatching of 
eggs of the common house borer Anobittm punctatnm is small and is 
unlikely to be a factor influencing incidence of infestation. 
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LAPIEZ AND SOLUTION PITS IN BASALTS AT 
HOKIANGA, NEW ZEALAND 

By J. A. Bartrum and A. P. Mason, Auckland University College 
(Received for publication, 28th May, 1948) 

Summary 

Description is given of lapiez-like fluting* or gashes and of solution 
pits which are wide, generally relatively short, vertical grooves with 
semi-circular cross-profile which end below in shallow basins. Both 
types of phenomena are unusual in that they occur in basalt and not in 
limestone, which is their ussual host. The lapiez-like forms, which have 
developed on broad steep faces of blocks of rock, are ascribed to down- 
flowing consequent streamlets fed by, raindrip from overhanging forest 
trees; dissolved organic acids have caused solution of the basalt along the 
courses of these streamlets. The location of the miniature troughs so 
formed does not appear necessarily to be controlled by joints, but should 
these latter more or less coincide in direction with the general slope of 
a rock surface, troughs which otherwise would be shallow may be accen- 
tuated into deep gashes. 

Solution pits have a comparable origin, but in this case the drip has 
been temporarily localized at isolated centres and has fallen upon sub- 
horizontal rock faces. 


♦Some writers would use the term “lapiez” for this type of feature only 
when shown by limestones. 



Fig 2.— Lapiei; as in Fig. 1. 


Photo; J. A. Bartrum 


eh ^ 
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Introduction 

As early as 1916 one of the present writers (JA.B.) noted outstanding 
examples of fluting, comparable with that characteristic of many exposed 
faces of limestone, in basalts in the valley of a stream which enters 
Hokianga Harbour about half-a-mile west of Horeke Township and 
which is followed by the Horeke-Taheke Road. He did not realize until 
the appearance of a paper by Palmer (1927) describing similar forms 
from Hawaiian basalts that such occurrences apparently were somewhat 
rare and therefore did not record his observations. This is now being 
done because of a recent opportunity of obtaining photographs to 
illustrate the phenomenon. 

Lapiez-like Forms 

The fluting that is illustrated by Figs. 1 and 2 is shown only on the 
moderately steep sides of fairly isolated, large blocks of basalt fallen 
on to the lower slopes of the stream valley in question, or into its bed 
from a flow which has a maximum depth of not less than 60 ft., although 
its full thickness has not been determine<l. This flow overlies Upper 
Cretaceous sediments which in the vicinity of the main development of 
lapiez are likely to be soft shales, which are included amongst more 
resistant phases of the Upi^er Cretaceous sequence; actual outcrops, 
however, are absent from the j>articular locality. By stream and subaerial 
erosion the sheet of basalt has been undermined and has shed blocks of 
rock, some over 30 ft. in average dimension, which at times constitute 
a chaotic mass at the stream. 

The fluting is developed generally on notably steep faces of relatively 
isolated blocks of rock which are seldom under 5 ft. in diameter and 
which typically have a sharp ridge-like crest. In some blocks, as is 
shown by Fig. 1, it appears that the fluting and more particularly deeper 
gashes are located along joints which have served to permit differential 
weathering along their traces, although they have not been sufficiently 
open to allow disruption of the blocks in which they occur. In other 
blocks, as can be seen from inspection of the photographs, the direction 
of fluting crosses joints obliquely and appears, therefore, to be indepen- 
dent of the latter. The troughs of the lapiez are generally spaced about 
5 in. to 6 in. from axis to axis and are about 2 in, to 3 in. in average 
depth, unless excavated along joint fissures, when the depth may be much 
greater; between the troughs there are sharp-crested miniature divides. 

Solution Pits 

Wentworth (1944) has recorded solution pits from Plawaii which, 
like those now described, typically arc present on large, more or less 
isolated blocks of basalt or other igneous rock. The majority of the 
solution pits at Hokianga resemble roughly halves of wide tubes which 
have been divided longitudinally (Figs. 3 and 4). In many cases their 
bottoms are shallow basins, but in others, development of a lower pit in 
much the same vertical line as the upper has destroyed such basins. The 
width and depth of the “half tubes “ usually do not exceed 1 ft., but 
occasionally the depth attains as much as 4 ft., though the width does 
not increase correspondingly. Possibly this extreme depth actually results 
from the union of memters of a linked vertical series, for frequently 
these cavities occur oiie above another (Figs. 3 and 4) in a manner 
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Fio. 3. — Early Stases of solution pits in block of basalt near 
Horeke, Hokianga. 


Photo; J. A. Barlrum 




1948) Bartrum and Mason— Lapiez and Solution Pits 169 
IN Basalts at Hokianga, New Zealand 

suggesting that a lower member has been formed at times by overflow 
of water from the basin next above it. 

In one abnormal example (Fig. S) solution has led to a more or less 
disordered mass of hollows, some concave at the base but others irregu- 
lar, separated one from another by irregular pillars or ridges with a 
height usually not much in excess of 1 ft., though some have much 
greater relief. In spite of the early impression of chaas in the pattern, 
there is a tendency to alignment of deeply etched hollows which are 
controlled in their location by joints which are evident in Fig. 5 to the 
left of and above the human figure. 

()ri<;in of 1-apiez and Solution Pits 

The conditions of occurrence make it impossible to ascribe the 
features described above to other than chemical weathering as the 
primary cause of their production. They are unrelated to irregularity 
either of surface or of constituent material, for the fairly fine-grained, 
generally ophitic and aphyric basalts in which they are developed are 
neither vesicular nor banded. Y^et the process responsible for the etch- 
ing of the grooves and gashes must have lx‘en controlled by si)ecial 
conditions, for the surface layers of the rocks concerned are fresh except 
where solution phenomena are lacking, when some slight degree of 
chemical weathering at times is detectable. 




■> 


Fifi. S. — ^Solution hollows and intervening eminences in block of 
basalt near Horeke, Hokianga. 

Pboto; J. A. Bartrum 

Bell and Fraser (1912, p, 47) state that in rhyolitic fragmental rocks 
of the Waihi-Tairua region of Auckland Province “ white walls of rock, 
frequently scored with vertical flutings or corrugations, reed) familiar 
topography in limestone country.” This brief statement suggests that 
this corrugation does not occur on fallen blocks ; in contrast, so far as 
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the present writers have yet seen, in basalts it is limited to such blocks. 
Besides the examples selected for description in this jjaper, fluted basalts 
occur fairly freely in valleys closely adjacent to these latter and have 
been reported’*' from other North Auckland localities and from the cast 
end of Waiheke Island, Hauraki Gulf (E. J. Searle). The fluted blocks 
invariably are large and have been shed by thick flows with major joints 
very widely spaced. The size of such blocks would appear to be a 
pertinent factor in the development of solution phenomena, for, under 
the hypothesis of origin that is advanced, it would be necessary for the 
blocks to maintain a stable attitude for an unknown but certainly lengthy 
period which may well have exceeded a thousand years. It is probable 
that only blocks of unusually large size would normally attain stable 
positions after gravitating from higher to lower levels ; in addition it is 
believed that as a rule a certain minimum and not inconsiderable area 
of rock surface is demanded before the genetic process can come into 
operation. 


Fig. 6. — Exajygerated solution “pits” in block of basalt near 
Horeke, Hokianga. The elongated furrow to the right of the 
hammer appears to consist of two conjoined “pits”. 

Photo: A. 1*. Mason 

Wentworth (1944) has suggested that drip of rain from trees has 
largely been responsible for the lapiez and other solution forms that he 
describes from basalts and other igneous rocks at Hawaii. Such drip 
appears to be the explanation also of the comparable features of the 
Hokianga rocks, for these latter invariably occur in areas where prior to 
deforestation there was a forest cover. Drip from many New Zealand 
forest trees during heavy rain tend.s to be concentrated at some points 
rather than others, falling with particular emphasis from such places as 
junctions of inajor branches and the undersides of large snb-horizoiital 
limbs. No rainfall figures are available for the Horeke district itself, but 
rainfall ma]>s (Kidson, 1937) show that on ranges close at hand, which 


* Oral communications, 
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attain a maximum elevation of over 2,500 ft., the mean annual precipi- 
tation may exceed 200 in., although elsewhere in the Hokianga region it 
may fall as low as 60 in. In North Auckland much of the rain comes 
during periods of heavy downpour which are separated by spells of a* 
week or two during which the rainfall is slight. 

During bursts of heavy rain the drip from trees can be particularly 
intense and will wash organic acids from the decaying bases of mosses, 
species of Astelia and other epiphytes which abound in the local forests. 
It is believed that these organic acids have a highly important role in 
decomposing the minerals of the basalts; both olivine and the lime-rich 
feldspar that is one of the main constituents of these rocks are likely 
to be decomposed readily by such acids. 

Where the surface of a block of rock has lieen more or less hori- 
zontal, drip concentrated into a somewhat cylindrical mass can be 
expected to dissolve initially a shallow cup-shaped hollow such as is 
shown in Fig. 6 on the right hand half of the block figured. The hollow 
to the left in which the match Ik)X apjH^ars, is typical of the usual 
solution pit; its base is slightly concave so that it holds, during and 
following rain, a small, shallow sheet of water from which, in the 
present instance, overflow occurs at two points on the outer margin, the 
courses of the resulting streamlets being defined by dark linear patches 
in the photograph. The writers suggest that the reason why a cvlindrical 
hollow comparable in form with a stream pothole has not re.sulted, is that 
overflow from the lowest part of the rim of a growing cup-like hollow 
has continuously dissolved this part of the rim as deepening proceeded. 
Such overflow may be responsible for the production of series of such 
forms in which one is perched above another, but, as will be suggested 
later, another cause may operate. 

In connection with typical lapiez shown by the basalts, it is true that 
in some instances weathering along joints almost certainly has early 
given rise to slight troughs w^hich have then initiated small streamlets; 
these have passed down the rock faces and deepened such initial hollows 
largelv by the chemical action of dissolved organic acids. Inspection of 
Fig. 2 will show, however, that the <Hrection of fluting may be indepen- 
dent of joints w^hich ostensibly should have exercised directional control. 
It is probable in this latter case that, on suitable steeply inclined surfaces, 
rain <irip has given rise to minute consetjuent streams which have re- 
curred in the same embryo channels at successive bursts of rainfall and 
thereby have continuously deepened them into typical lapiez. Hitchcock 
fl947) ascribes coarse fluting in granite in the OrincKO-Ventuari region 
of Venezuela to minute invisible joints, for in a few cases the fluting is 
parallel to joints along which the blodcs have split apart. Such joints 
as there are in the Hokianga rocks, however, are far from regular in 
their trend and do not appear to play an essential role. 

The reason for the lack of appreciable w^eathering in the rock closely 
associated with the solution features described is apf^rently that materials 
disintegrated by the chemical activity of organic acids in waiters passing 
over the rock surfaces are immediately carried oflf by the swiftly moving, 
drip-fed streamlets which occupy the troughs and other hollow^s. 

It has been suggested above "that considerable time may be involved 
in the production of lapiez and solution pits. It does not appear, however, 
tq be essential that the drip from trees fall from identical spots during 
the whole of the process. The individual trees of the forest must change 
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and be replaced by others as time goes on. Yet, once the formation of 
troughs or pits was well in hand, should change of location of major 
rain drip be altered by change in forest conditions, much of the water 
would still find its way into the prepared depressions and extend them 
by solution. Under suitable conditions, however, it seems likely that 
fresh solution pits could be developed on a flattish rock surface and it 
is highly probable that this is the explanation of some of the members 
of the vertical series of linked solution hollows that have been described. 
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REVIEW 


AN. INTRODUCTION TO THE THEORY OE SEISMOLOGY 
By K, E. Bullen. Pp, xii -I- 276. {Cambridge University Press., 1947.) 

Professor Bullen 's previous association with New Zealand seismology lends an 
extra interest to this book for New Zealand readers. , The earlier chapters, on elasticity 
theory, vibrations, and waves, are based on lectures given to students of applied mathe- 
matics in Auckland and elsewhere. l>se is made of Cartesian tensors, in the interests 
of terseness, but a previous knowledge of tensor theory is not demanded. Later 
chapters are concerned with seismograph theory, the construction of travel-time 
tables, observatory organization and methods, the earth's upper layers, the deep 
interior and central core, general features of earthquake occurrence and distribution, 
and a brief treatment of earthquake effects, sea disturbance.s, and microseisms. Much 
of the latter part of the book can be read without much mathematical attainment. 

A feature of this book is that it brings together in compact form so many of the 
important contributions to seismological theory made by Jeffreys, and by Bullen 
himself, who has been a pupil and collaborator of Jeffreys. The range of this work 
has been wide - - - elastic wave-theory, deductions of internal structure from (T, ) 

relations, statistical treatment of observatory data and the construction of the J-B 
travel-time tables, corrections for ellipticity, density-variations and gravity-values 
inside the earth, the elastic parameters of solids and liquids, and so on. 

The scope for seismological research in New Zealand is very large, and there is hope 
^at with recent additions to Observatory establishments, the prospect of sufficient 
instruments in the local seismograph network to enable satisfactory statistical studies, 
and the inclusion of seismology in the University Applied Mathematics curriculum, 
progress in this science, important as it is to many aspects of New Zealand economy, 
may be more rapid than has been possible hitherto, t^ofessor Bullen is unfortunately 
no longer with us to inspire a school of seismology, but his book, especially on account 
of its clarity of style, will be a valuable introduction to the subject for the academic 
or i^oleissional student, white the general reader who is prepared to take the mathe- 
m^ical results for granted can get much information on modem developments in 
seismology from the latter part the book. 

^.M. J. 
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A RECENT FAULT SCARPLET AT THE OUTLET 
OF LAKE HAUROKO, SOUTHLAND 

By B. L. Wood, New Zealand Geolo^cal Survey, Department of 
Scientific and Industrial Research 

(Received for publication, 30th May, 1947) 

Summary 

An account is given of a small recent fault and the local geology near 
the outlet of Lake Hauroko, Western Southland. Tt is accompanied hy 
a geologic map and an air photograph of the area. 

1 NTRODIH’TIOK 

While studying aerial photographs of the region around Lake Hauroko, 
a prominent straight line was noticed in the forest shading on each side 
of the Wairaurahiri River, intersecting the course of the river almost at 
right angles, and approximately 16 chains downstream from the lake 
outlet. This feature was paid special attention while c>n a geological 
reconnaissance of the country during January 1948, and proved on 
examination to be a fault scarplet produced by recent movement. 



FiC. 1. — ^Air photograph of the area. 

Crown copyright. Permission to Publish granted by 
Lands and Survey Department. 
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Local Geolocjy 

The course of the Wairaurahiri from the lake outlet to the fault is 
antecedent and lies in a small gorge cut through moderately hard, fine- 
grained, Tertiary sandstone, slightly calcareous and blue-grey on fresh 
exposures. This rock weathers to a soft, yellow or brown, lightly jointed 
sandstone, for a depth of 2-3 ft. It crops out along the western shore 
of Lake Hauroko for as far as 70 chains from the outlet, the w^hole 
being overlain by fluvioglacial and deltaic deposits of rounded gravels 
and sands. The sandstone occurs for a short distance along the eastern 
shore, but is largely obscured by talus from the adjacent Hump Ridge. 
High bluffs, 20 chains back from the eastern shore, mark the boundary 
of the coarse sandstone and conglomerate making up Hump Ridge. 
These are strongly jointed rocks of variable grade, but of uniformly 
great hardness, grey or greenish, and weathering brown. Their attitude 
is variable owdng to small local movements, but the structure is essentially 
an anticline with its axis trending north-north-east. 

On the downstream side of the fault the river is considerably wdder 
and flows between low banks of river and terrace gravels. These extend 
for some distance on each side, almost totally obscuring the underlying 
Tertiary sandstone which is similar to that occurring upstream from the 
fault. The attitudes of rocks to the south-west suggests that the fine- 
grained sandstone adjacent to the lake outlet is overthrust from the 
north-west by the hard and resi.stant gneissic rocks of the iMordland 
metamorphic complex and is pinched out against the only slightly 
resistant rocks of the Hump Ridge. 

Surface Kxpres.si()N of h'AULTiNG 

Extending on each side of the Wairaurahiri River from the upstream 
side of the large pool shown on the map is a low step in the land surface 
2 ft. 6 in. to 3 ft. high. 

To the west, this feature may be traced on the air photographs on 
both land surface and tree-top level to a short distance beyond the Rata 
Burn, in the cour.se of which stream a small amount of widening is 
noticeable at the point where the fault crosses it. 

To the east, the same low bank extends up to a small stream, the 
upper part of which is oriented along the fault zone approximately 30 
chains from the river. I^or a distance of about 10 chains further up this 
stream, slumping has occurred between two very straight, low, heaped 
ridges about 3 ft. high and 30 ft. apart. 

The rock within this zone has yielded readily and is deeply weathered 
to a soft, blue-grey, puggy clay which forms a very mobile lubricant 
for both slumping and faulting movements. 

Beyond the slumped area, the fault trace is discernible, as a step of 
decreasing height, almost to the top of the main ridge of the Hump 
where it is lost among numerous, steep gullies. 

Movements 

The primary movement resulted in a vertical throw of 21 to 3 ft. ; this 
is shown by a step in the land surface. The formation of two small 
sandstone ridges along the line of the fault, to the east of the Wairaura- 
hiri River is probably due to the presence of a second, smaller fault, 
parallel to, and south of, the larger. It is unlikely that the area between 
the ridges is a pug zone because a small movement of so recent occur- 



175 


1948) Wood— A Recent Favlt Scarplet at the Outlet 
OF Lake Hauroko, Southland 


fence could hardly have formed such a wide zone. This fault is also at 
right angles to the main local geological trends, so that it is unlikely 
that it is the rejuvenation of an older, larger fault. 


Fig. 2 
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On examination of the growth rings, the age of saplings growing on 
the small ridges proved to be forty-five to fifty years. Allowing a 
maximum of ten years for germination of the seeds, this places the 
age of the fault at sixty years and the first occurrence at about 1888. 

At one or two places in the slumped area a second trace is observable, 
as a small ridge 2|-3 in. in height low down along the side of the larger 
ridge. The growth of mosses and small plants along it indicates that 
a small movement of a few inches has occurred within the last 4-5 years. 

Since the upthrow side of the fault as a whole is toward the main 
mass of the Fiordland complex to the north, and the strike is perpen- 
dicular to the main geological trends and structure, a suggestion is 
advanced that the movement represents the slow rise of the Fiordland 
massif as an isostatic adjustment, following the disappearance of the 
Pleistocene ice sheets and glaciers. 


SUBJECT: ESTIMATIONS OF HOURLY VALUES OF SOLAR 
ULTRA-VIOLET RADIATION IN NEW ZEALAND 

By E. R. Cooper. Dominion Physical Laboratory. I^ower Hutt 
(Received for publication, May, 1948) 

Summary 

Calculations of hourly values of ultra* violet (wavelengths less than 
3200 1) radiation intensity for the twenty-first day of each month have been 
made. 

Introduction 

Observations of the intensity of solar ultra-violet radiation of wave- 
lengths shorter than 3200a have been reported by Coblenz and Stair (1) 
for the period 1936-1942 inclusive. The measurements which refer 
to the clearest days only, were made with a photo-electric cell directed 
towards the sun and having a 22^" aperture with the sun as centre. The 
intensities in microwatts ])er square centimetre are plotted versus air 
mass for each year. Air mass is a relative measure of the thickness of 
the earth’s atmosphere traversed by the sun’s rays and is expressed 
by the secant of the sun’s angular distance from the zenith of the sky. 

The ultra-violet inten.sity for a given air mass is greatly influenced by 
the clarity of the atmosphere and by its ozone content so that the large 
number of observations for any year, when plotted, do not by any means 
lie on a smooth curve. A mean curve however can be drawn as in 
Fig. 1 which fits rouglily the mean of the plots for each of the six years’ 
observations given by Coblenz and Stair. 

The latitude of Washington where these data were obtained is 
38.9°n. and it can be expected that the data will be equally applicable 
to a similar latitude south of the equator. The data will therefore be 
of interest to workers in New Zealand and the object of this brief paper 
is to present a rough estimate of the comparative total daily amounts 
of id tra- violet radiation of wavelengths less than 3200a which may be 
anticipated on the average on clear sunny days in this country. 

(a) as between summer and winter for a given locality ; 

(b) as between one locality and another in New Zealand for a 

particular season. 
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Ultra-violet Radiation in New Zealand 


The localities which have been chosen are Lincoln (latitude 43.6'^s.), 
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Outline of Calculations 

The total daily ultra-violet radiation can be obtained from Fig. 1 
by first calculating the air mass versus time of day for a given month 
and latitude, and then deducing the ultra-violet intensities for various 
times of the day from Fig. 1 . The resulting curve in which ultra-violet 
intensity is plotted against time of day is then integrated to give the 
total daily amount of radiation. 
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The air mass is derived from the solar altitude. Tlie angle 0 between 
the sun’s rays and the zenith at a latitude A is given for any time t of 
the day by the formula (see appendix). 

cos 6 cos 15t° cos A cos E— = sin A sin E 

where t = time in hours before or after midday 

E angle between the sun's rays at midday and the zenith 
at the equator, li) is reckoned positive when 
the sun lies north of the equator and is taken to 
vary from 23J'’ (21.st June) to 231 "" (21st Decem- 
ber). 

The air mass, as previously mentioned, is measured by secant 0 . 
Results of Calculations 

Table I gives the values of sec. 0 — air mass and of the ultra-violet 
intensity in microwatts per sq. cm., at hourly intervals for the twenty 
first day of each month. Fig. 2 gives as an example the daily curves for 
the ultra-violet radiation at Lincoln The total daily ultra-violet 
radiation in gram calories per sq. cm. is obtained by integration, by 
means of a planimeter, of the daily curves, and the.se totals are also 
given in Table I. 

The re.sults are extremely illuminating. Of major interest are 
the facts 

(1) that at the higher latitude (Lincoln) the difference in ultra- 
violet radiation between summer and winter is more marked 
than at the lower latitudes; at Lincoln the ratio is of the order 
of 20 and at Ruakura only 8 : 

(2) that the ratio of the ultra-violet radiations for .stations of high 
and low latitudes reveals a larger proportionate difference in 
winter than in summer ; for example the ratio of the ultra-violet 
radiation received on 21st June at Wallaceville to that received 
at Lincoln is 1,5 whereas on 21st December this ratio is 1.02 
approx. Moreover since the data are derived onty for a 22*^ 
portion of .sky including the sun it is likely that this difference 
would be still greater for .sun plus total sky radiation. 

It must be rc-emphasized that the above data apply only to clear 
days. Meteorological factors such as cloud amount, ozone content and 
atmospheric polution due to smoke and dust will influence the trans- 
mission of ultra-violet on any particular day. From the scattering of 
the values of ultra-violet radiation intensity observed by Coblenz and 
Stair, the actual intensity on any clear day particularly for low values 
of air mass (i.e. mid-summer) may differ by as much as ^ 30 per cent, 
from the average values given in Fig. 1 . This variation is largely due 
to ozone and it shows clearly that ultra-violet radiation like any other 
meteorological factor must be recorded in order to know what has trans- 
pired on any particular day or during any season. 
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RIG. 3 (arrcndix) 

APPENDIX 

In Fig. 3 let O be tlie centre of the earth and let the sun’s rays be 
parallel to the coordinate plane ZOX, so that the sun is at its greatest 
altitude with respect to localities lying on the longitude formed by the 
intersections of ZOX with the earth’s surface. Let A be one of these 
localities for the particular latitude that we are interested in. Then 
OA is the zenith line for this locality at mid-day, let OP be the zenith 
line of the same locality at t hours measured plus or minus from mid-day. 

If 1, m, n are the direction cosines of the zenith OP for the locality 
at P then 

1 = cos POX m = cos POY n =:= cos POZ 
The spherical P X B has a right angle at H hence 
cos PX ■= cos BX cos PB 
cos TT t cos A 

T2 

Similarly the spherical triangle PBY has a right angle at B hence 
cos PY = cos BY cos BP 
= sin TT t cos A 

l2 

Therefore 1 =• cos tt t cos A, m — .sin^^t cos A, n ~ —sin A 
12 12 

If 1^ m^ n^ are the direction cosines of the sun's rays SA then 

1 = cos E where E = angle between the sun’s rays and the 
zenith OX at the equator at mid-day. 
1£ is reckoned positive when the sun 
m === o lies north of the equator 

n == sin E. 

The angle between the sun's rays and the zenith OP is given by 
cos 0 ^ IP + mm^ -f nn^ 

— cos t cos A cos E — sin A sin E 
12 

= cos ISt"^ cos A cos E — sin A sin E 
The angle E between the sun’s rays and the equatwal plane is easily 
sliown to be given by 

sin E = sin cos SOT where T is the time in months 
measured from 21st June. 
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Sky Ultra-violet Radiation 

THE MEASUREMENT OF SOLAR H.US SKY 
ULTRA VIOLET RADIATION 

By E. R. Cooper, Dominion Physical Laboratory, Lower Hutt 

{Received for pubHcation, May. 1948) 

Summary 

A brief resume is given of the stage reached at the Dominion Physical , 
Laljoratory on the problem of making a continuous daily measurement of 
the ultra-violet radiation received at the earth *s surface from the sun and 
sky. 

The object of this paper is to give a resume of the problem of measuring 
the total energy of radiation of wavelengths shorter than 3200 Ang- 
stroms received at a fixed point on the earth's surface from the sun and 
sky. This problem which has again occupied our attention at the 
Dominion Physical Laboratory since the termination of the war. is of 
interest in New Zealand because it has a bearing on certain biological 
experiments being carried out, , The wavelength 3200a has been arrived 
at (1 ) as the long wavelength limit of the biologically effective radiation. 

Although the radiation incident on a flat horizontal surface may not 
be identical with that incident on an animal or plant, yet it will yield 
a means of comparing the amounts of radiation received at various times 
of the day or days of the year and is therefore chosen as the only prac- 
ticable basis of measurement. 

The problem of measuring the ultra-violet radiation of the sun and sky 
first arose in connection with the investigation of physical factors (2) 
that might be associated with the occurrence of outbreaks of facial 
eczema in sheep and cattle in New Zealand in 1934/35 and 1937/38. 
W. W, ("oblenz and K. Stair of the National Bureau of Standards were 
at that time making measurements of the direct rays of the sun and 
their technique was adopted as being the most practical available means 
of making the required measurement. Their method consisted brieflj^ 
of using a photti-electric cell, sensitive only to wavelengths less than 
3120a, together with a D,C. amplifier. The use of filter radiometrjj^ 
had been adandoned by the U.S. Bureau in favour of the photo-electric 
cell. 

As a result of the U.S. Bureau work, there have been published (3) 
a series of tables giving the spectral energy distribution of the sun’s 
ultra-violet radiation for various air masses.* These tables which 
were the subject of correction by later work (4) are essential for the 
continuous daily measurement of sun plus sky ultra-violet radiation, for 
the Bureau’s work indicates (5) that the spectral energy distribution 
can be related to the air mass for a giveh elevation above sea level and 
that it is practically independent of the amount of cloud in the sky. 
This latter fact offers a considerable simplification in that photo-electric 
cell readings can be corrected for time of day according to the spectral 
energy distribution pertaining to the air mass at that time without 
need for recording the distribution. No doubt this is approximate 


♦ Air mass is a relative measure of the thickness of the atmosphere traversed 
by the sun's ray and is expressed by the secant of the sun's angular distance 
from the zenith. 
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only but it is an approximation to be grasped at if continuous daily 
records are to be proceeded with. If greater precision is required, we 
are faced with a rather impracticable alternative which demands the 
recording of the spectral energy distribution and a consequent complex 
reduction of a mass of recorded values obtained from each daily record. 

Pollution of the atmosphere by smoke and dust does affect the spectral 
eneqgy distribution and will therefore affect the accuracy of the infor- 
mation obtained by the above method. However the influence of fog 
and cloud on the distribution is slight at the ultra-violet end of the 
spectrum and hence it does seem possible, using photo-electric cells, to 
obtain for most New Zealand localities, an approximate measure of the 
total ultra-voliet radiation from the sun and sky without the employ- 
ment of any device for continuously or repeatedly measuring the energy 
distribution. 

Outline of Basis of Measurement 

If absolute determinations of radiant energy are reejuired it is neces- 
sary to know (a) the spectral response curve of the photo-cell to l>e 
employed and (b) the output of the cell for an incident radiation of 
known energy and wavelength. At present it is not possible to f)erform 
these calibrations at the Dominion Physical Laboratory in the absence 
of an ultra-violet spectrometer and radiometer. 

Fig. 1 depicts the three curves with which we are concerned. When 
the photo-electric cell is exposed to a source of known spectral energy 



n®. 1 
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distribution (curve 2) the reading of the meter which it operates will be 
a measure of the integral of a curve formed by the product of the ordi- 
nates of curves 1 and 2. We can. for brevity, term this integral the 
“ effective radiation/’ The photo-cell meter measures then the effective 
radiation ; in fact we can write : — 

effective radiation = constant x photo-cell meter reading. 

The constant is determined by this exposure of the cell to a known 
spectral energy source. 

Suppose now the photo-cell is exposed at a given air mass to the 
radiation of the sun and sky. The relative spectral energy distribution 
for the sun and sky is known from references (3) and (4) for the particular 
air mass.* We a.ssume a curve 3 for the sun and sky radiation which 
must agree with the known distribution. The integral of a curve 
formed by the product of the ordinates of curves 1 and 3 will yield a 
value of effective radiation which may or may not agree with the meter 
reading ; if it does not so agree then the ordinates of curve 3 will require 
to be either all increased or all decreased by a fixed ratio for all wave- 
lengths until agreement is reached. 

Coblenz. Gracely and Stair have given a method whereby it is possible 
to calibrate a second photo-cell by reference to a standard photo-cell 
which has been subjected to the above procedure. The two cells (opera- 
ting their associated meters) are simultaneously exposed to the sun and 
sky and the ratio of their meter readings is plotted against air mass. 
Smooth single- valued curves are obtained as depicted by A in Fig. 2. 

The radiation at any air ma.ss is deduced from the reading of the 
second photo-cell’s meter by the relation : — 

radiation = photo-cell meter reading x ^ 

That such a calibration is possible is completely dependent upon the 
fact that, for a given air mass, the relative si>ectral energy distribution 
of the ultra-violet radiation from the sun and sky is fixed. 

For our purposes this type of calibration could be done at Washing- 
ton and would need to be extended over all air masses that would be 
encountered at the particular station in New Zealand at which we require 
to make measurements. It does not matter that the cathode of the 
photo-cell chosen may not be sensitive to wavelengths as long as 3200a, 
for the calibration curve B in Fig. 2 can be presented in such a way 
that the energy comprised by wavelengths 3200a and shorter in the 
solar spectrum is the quantity concerned. This type of calibration would 
not enable the cell to be used for measuring the ultra-violet from any 
other source than the sim and sky at sea level* in mid-latitudes. 

Construction of Equipment 

The next problem is the construction of the photo-electric cell so 
that it will measure the whole radiation of the sun and sky incident on a 
small horizontal surface. The only photo-cells we have been able to 

Air mass is related to the time t of the day and to the day of the year by 
the formula : — 

1 

au: mass ^ sec $ rrr c 

cos ISt cos A cos £-sin A sin K 

where A ^ latitude south 

t » time in hours Ijefore or after midday 
E « ecliptic angle corresponding to the day of the year and varies 
* from 4- 23J® on June 21 to — on 21st December 

More strictly for the level at which the calibration is made. 
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purchase are those with Zr and Ti cathodes manufactured by the Westing- 
house Electric arid Manufacturing Company, U. S.A. The shape of these 
cells unfortunately is such that there is no way of using them so that 
the cathode can receive radiation from all portions of the sky and in 
such a way as to similate the radiation which would fall on a small 
horizontal surface. In fact certain portions of the sky will have an 
exaggerated efiFect. Moreover, the anode of this type of cell casts a 
shadow on the cathode surface. The U.S. Bureau of Standards (6) 
working in collaboration with R. Cashmere of the Northwestern Uni- 
versity, Evanston, Illinois, was able to produce for the purpose special 
photo-cells which had a horizontal cathode area unaffected by anode 
shadow and quite ideal for the measurement of sun and sky radiation. 



« RATIO 


radiation >aw/rq.cm . 
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As our Scientific Liaison Officer in Washington has not been able 
to secure copies of these special photo-cells despite repeated efforts, we 
have endeavoured to eliminate the necessity for such special equipment, 
but without success. 

Experiments conducted at Dominion Physical Laboratory, for 
example by G. E. K. Thompson, have shown that it is not possible to 
obtain a perfectly diffusing layer that would act as a flat receiving 
surface and enable the Ti and Zr photo-cells to sample the radiation 
transmitted by the diffuser. Trials were made by E. 0. Hall at Dominion 
Physical Laboratory of a “ photometric cube " constructed of alumi- 
nised glass walls, but the absorption of aluminium for ultra-violet 
radiation caused too great a reduction in intensity to make this method 
feasible. Again considerable thought has beten given by F. F. Evison 
to the idea of scanning the sky (7). This idea is considered feasible but 
expensive compared with the use of a flat cathode photo-cell. Indeed 
full plans have been drawn up for the construction of a device to scan 
the sky ^d record ultra-violet radiation using a Ti photo-cell. No 
^^structional work has, however, been proceeded wi^. 
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Regarding the circuit to be used in conjunction with the photo-cell 
this can be said to have been satisfactorily developed (8). It does 
represent some advance on circuits usually employed in that a recording 
of the ultra-violet radiation intensity can be obtained as well as the 
integrated count of radiation. Fig. 3 shows a typical record in which 
curve A is produced by a total solar radiation thermopile and curve B 
produced coincidentally by the Dominion Physical Laboratory ultra- 
violet meter. The circuit diagram given in (8) has been somewhat 
modified by Mr. R. L. Gloss and the latest circuit is reproduced in Fig. 4. 
Quite early in our investigations it was discovered that the quartz 
envelope of the Ti or Zr photo-cells absorbed a layer of moisture, the 
conductivity of which rendered the meter quite unreliable. It could, 
however, be dissipated by placing the photo-cell in front of a heater or 
drying the air in contact with the cell. It is our practice, therefore, 
to mount the photo-cell in an enclosed space dried by silica gel. Radia- 
tion gains access to the cell via a translucent quartz window, this being 
our only means of sampling radiation from the whole sky. Trans- 
lucent quartz, however, is by no means a perfect diffuser. 


A . .. 

SUN Rises OVCIt 
AOilOlNiNO HILU 



1^13. 3 — A. TOTAL. SOLAR RADIATION 
S. ULTR A-VIOLCT RAOl AT ION 

rsroM SUN and skv(<3I50a) 


('omparison of Ultra-Violet Radiation at Differe.vt 
Stations in New Zealand 

It will be evident from what has been stated above that if only 
comparative and not absolute measurements of solar plus sky ultra- 
violet radiation are required at a given air mass then there is no need 
to calibrate the photo-cell or photo-cells employed nor to determine 
their relative response curves. In the absence of a calibration we would 
not be able to relate meter readings for different air masses but only 
meter readings foj the same air mass. If the ratio of the meter readings 
of two photo-cells were plotted against air mass, when the cells were 
exposed simultaneously at the same site, then a comparison curve such 
as A in Fig. 2 could be drawn which would enable us to compare the 
intensities of the ultra-violet radiation incident on the cells exposed at 
two -different sites. 

This prompted us to construct three ultra-violet meters in all. These 
meters will be intercompared at Wellington and subsequently placed one 
in the South Island, one at Wellington and the third in the north of the 
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North Island. These meters contain Zr cathode photo-cells with hori- 
zontal diffusing quartz windows ; they will therefore not sample the 
sky radiation in the same way as radiation received on a horizontal 
surface. They will tend to exaggerate the value of radiation having 
a more vertical incidence. This is the best compromise which we can 
arrive at with the photo-cells available. 
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So. far as absolute measurements of solar and sky ultra-violet radia- 
tion are concerned, our thoughts are turning to the possibility of making 
the required special photo-cells at the Dominion Physical Laboratory 
Workshops. We would prefer, however, to be able to purchase these 
cells from a reputable overseas manufacturer. It is definitely considered 
that the problem of making these very difficult measurements at the 
ultra-violet end of the solar spectrum is worth investigation ; the need 
is for continuous daily recordings from the sky as well as the sun. 
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ACTIVITY AT NGAURUHOE, 

APRIL - MAY, 1948 

By L. K. Ai.i,EN,,New Zealand Geological Survey, Department of 
Scientific and Industrial Research, Rotorua 

{Reietved for public aiwn, 1 5th December, 1948) 


Summary 

.Activity at Ngauruhoe during .\pril-May, 1948, is described and suppor- 
ted by photographic documentation of the visible phenomena while the 
analysis of an ash sample collected during the eruption is presented in the 
appendix. A list of Kgauruhoe’s historical eruptive dates is also given. 

Ngaukuhoe, 7,515 ft. in height, together with Ruapehu and Tongariro, 
is situated at the southern extremity of the most impressive volcanic 
district in New Zealand. As with the circum-Pacific chain of volcanic 
heights the prevailing rock is andesite and dates back to early Pleis- 
tocene times. Including the present eruption, twenty-three explosive 
outbursts varying both in length and violence have been recorded since 
1839. The list is as follows: — 

1839 (Bidwill, 1841); 1857 (Kerry-Nicholls, 1887); 1869 (?-70) 
(Hector, 1887); 6th July, 1881 (Pond and Smith, 1887 ; Kerry- 
Nicholls. 1887); February, 1892 (Thomson, 1926); 1905 (Marshall. 
1934); February, 1907 (Marshall, 1908); 1907 (Awklmd Weekly 
News, 8th November, ’1907); March, 1909 (Johnston, 1909 ; Salmon, 
1909); 1910 (Auckland papers, I9th October. 1910); 1911 (Maisfaall, 
1934); May and August, 1913 (Thomson, 1926); November, 1917 
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(Thomson, 1926); 9-30th January and 22nd May, 1924 (Thomson, 
1926); 16th April-June. 1926 (Jaggar, 1926); 4th March. 1928 
(Grange, 1928); June and 7th December. 19^ (Marshall, 1934 ; 
Cobbe, 1935); September-October, 1940 ( The Dominion, 22nd 
October, 1940); July. 1945 (The Dominion, 1st August. 1945): 
30th April-May. 1948. 

A flow of lava of the aa type is reputed to have taken place in 1869 
(Hector, 1887) but this has not been definitely established. With this 
possiWe exception activity within historic times has been of the ex- 
plosive type confined to the emission of steam, grey ash and blocks 
of augite — ^hypersthene andesite. 

For the first time since 1945, when Ruapehu also was active, Ngauru- 
hoe burst into eruption at 5.3() p.m. on 30th April, 1948. Observers, 
at the Chateau state that activity commenced with the sudden eruption 
of clouds of black ash which, during the night, were associated with a 
red glow. Explosions were audible at the Pokaka Timber Company’s 
Mill five miles north-west of the volcano. The activity increased during 
the night and, with incandescent ash rising 2,0(K) ft. above the summit, 
and extending one third the distance to the base, the mountain presented 
a most striking spectacle. Red-hot rocks were thrown 500 ft. into the 
air from the crater (see Fig. 1) and although at first these fell mainly on 
the south-west side, later the debris was .scattered along the entire 
western half of the .summit. 



Fig 1.— Simultaneous activity of Ngauruhoe (rt.) and Ruapehu (It.). 

Ist May, 1948, Aerial vitrw taken 40 m. to the South. 

Photo : Evening Post, 

Next day, '1st May, the activity continued with •' shots ” of ash 
Md rocks at frequent intervals increasing in violence towards evening. 
At 11-20 a.m. Ru^hu seat up a single, majestic column of steam (see 
^ observed clearly from Taupo. Local men who arrived 

at the Mangatepopo Hut (on the north-west side of Ngauruhoe) in the 
afternoon, and who spent the night there, add to our knowledge of the 
eruption by supplying the following facts : — 

1st May, local earthquakes occurred in the vicinity 
(f imle from the base of the volcano) and ash and rocks were hurled 
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out. This was associated with “ a roar like a mighty unmufHed ex- 
haust.” Marked activity continued and with the approach of darkness 
the summit was at times illuminated by incandescent material. At 1 1 .00 
p.m. electrical discharges caused a very brilliant display while the hut 
was again shaken. At 4.20 a.m. the next morning, 2nd May, the occu- 
pants were awakened by local ground movements and a loud roar 
emanating from the mountain, the summit of which was enveloped in 
” a dull-red glow.” The duration of this more violent activity was about 
ten minutes. At 8.00 a.m. a particularly spectacular outburst took 
place accompanied by a heavy sharp rumble and, despite the daylight, 
a red glow covered the summit. Hot boulders with an estimated dia- 
meter of up to 20 ft. were observed falling and rolling down the north- 
west .side of the mountain. 



2 -Ash and rocks being elected from the crater of Ngauruhoe. 

1st May, 1948. Note trails associated with some of the larger 
fragments. 

Photo: N.Z. Aerial Mapping Ltd. 


The writer arrived at the scene the preceding afternoon, 1st May. 
and although, as is evident from the above description, most of the 
activity was to the north-west of the volcano, much was to l>e seen from 
the Chateau side and similar outbursts were recorded. 

On Sunday morning, 2nd May, the writer left the Chateau with a 
small party to ascend Ngaumhoe. Since daylight the volcano had been 
mushrooming-up columns of ash to a height of several thousand feet and 
according to Mr. H. H. Ward, a Taupo observer, who by virtue of the 
wind direction was better placed to observe heights, several shots between 
8.12 a.m. and 8.30 a.m. rose to over 11,000 ft. At 10 a.m., while about 
three miles from the crater, the party witnessed several explosive phases 
at approximately five minute intervals. Despite the distance, boulders 
thrown out were readily seen and their size was estimated as approachia^ 
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that of a small house. These were also observed from the Chateau six 
miles distant. Loud noises like that of heavy, muffled artillery fire 
accompanied these outbursts although no earth tremors were felt. 



Fig. 3.- -Ngauruhoe. 1st May. General view looking north-ea.st 
Paretetaitonga (Ruapehu) in foreground, l-ake Taiipo left 
background. 

Photo \ Blackmorf's Atr Servu'fs 1 td. 




Fig. 4. —Ngauruhoe, 1st May, looking ea.st. Ash cloud mush- 
room in g-up from crater. 

Photo: Blackmorf's Air Sendees Ltd, 
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During the actual ascent of the mountain up the rift valley on the 
south-west side, activity continued fairly constantly with the emission 
of clouds of ash-laden steam punctuated by shorter, much more infre- 
quent periods during which nothing but white steam was observed. No 
further noises were audible except near the summit when at times the 
high-pressure emission of gases and steam was coupled with a low 
steady swish lasting for a few seconds. ' Fine ash, lapilli, scoriaceous 
materia] and small boulders of andesite up to a foot in diameter were 
observed during the final 5(K) ft. climb to the crater lip. 

Description of Crater 

The crater (Figs. 5 and 6) appeared to be very similar to a photo- 
graph featured by Professor C. A. Cotton on p. 227 of his “ Volcanoes 
as Landscape Forms (1944). Well marked fumarolic activity was in 
evidence on the face of the higher cliffs to the east and the crater was 
divided into three unequal parts by the walls of the inner “ nested 
crater while the orifice itself occupied the north-west comer of the most 
southerly third. An outstanding difference, however, was the presence 
of vast quantities of rock and ash on the floor of the inner “ nested 
crater — so thick that the rim was almost obscured— and between the 
remains of this rim and the steaming cliffs (Fig. 6). The rubble rose to 
within about 20 ft. of the top of this latter. A descent to the rim of the 
inner crater was made but this was of short duration due to the acrid 
acid fumes. 



Fig. 5.— Ngaunihoe, 16th May, showing division of crater into 
three parts. Note steam rising prior to further ash eruptions. 

The orifice, to which activity was confined, continued to belch forth 
huge quantities of ash -laden steam — light to dark-grey in colour-— but 
at no time did it clear sufficiently for the interior to be seen. As had been 
observed earlier, outbursts were usually preceded by periods of relative 
quiescence while the emission of pure white steam usually foretold a 
particularly violent shot accompanied by hot rocks and ash. At 4.20 
p.m. a most violent outburst took place preceded by a quiescent period 
when nothing but white steam was emitted. Without any warning 
and accompanied by a tremendous swish a huge volume of ash, steam 
and rock was buried out from the orifice. Some rocks fell back into the 
vent, a few landed on the floor of the crater while the majority described 
graceful arcs and, trailing tails of steam ** behind them, descended 
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within and beyond the outside rim of the main crater at the north-west 
side. A mild trembling of the summit was felt. No lava flows associated 
with the present activity could be observed and the supposed lava flows 
during the hours of darkness were apparently merely hot rocks and ash 
tumbling down from the crater. Small flashes and sharp cracks some- 
times accompanied the ascent of a “ shot ”. A noticeable feature, too, 
was the almost complete absefice of either sulphurous fumes or deposited 
sulphur in, or adjacent to, the crater, although, as mentioned previously, 
acrid, acid fumes were present. Altogether almost two hours were 
spent on the summit and after collecting specimens of recent ash and 
ejecta the return journey was commenced. 



Fig. a.- Ngatiruhoe, 1st May. Close up of crater. cloud 

rising from vent to left and fumuroJic activity at cliffs to right 
Note faintly discernible lip of inner " ne.sted ” crater in centre 
and vast quantities of ejecta on crater floor. 

Photo: Blarknwre's Atr Sm’ices Ltd. 

That night, 2nd-3rd May, was the last occasion upon which the 
emission of incandescent material was observed by the writer and during 
the following week the volcano continued to “ smoke ’* quietly. The 
latest report to hand (Auckland Star, 11th September, 1948) indicates 
that quantities of ash and steam are still being thrown out at irregular 
intervals. 

No increased activity was reported at Ketetahi hot springs on the 
slopes of Tongariro, although the writer was informed by local observers 
that more steam than normal issued from the craters on Tongariro 
during the early stages of the eruption. Seismic activity in New Zealand- 
was normal both preceding and following the outburst. 

The eruption of 1948 appears to have been very similar to those 
previously described. 

Samples of rock and ash from the May activity were forwarded to the 
Dominion Laboratory for analysis and it is hoped to publish the results 
at a later date. ^ ^ 



1948 ) Allen — Activity at Ngauruhoe, April-May, 1948 


193 


Acknowledgments 

Thanks are due to Mr. G. L. Adkin, New Zealand Geological Survey, 
Wellington, for valuable assistance in compiling the list of eruptive 
dates. 

References 

Bidwill, J. C. (1841): “ Rambles in New Zealand,'" VIII. London. 

CoBBE, R. (1935): Department of Lands and Survey, Public Domains and 
National Parks of New Zealand. {Annual Report Ow). Pari. 
Paper C.-JO, p. 8. 

Grange. L. 1. (1928): Eruption of Ngauruhoe, March, 1928. N Z. J. 

Sci. and Tech., 70, 143-7. 

Hector, J. (1887): Presidential Address. Trans. N.Z. Inst., lU, 461-70. 
Jaggar, T. a. (1926): New Zealand Volcanic Activity. The Volcano 
Letter, No. 00. 

Johnston, 1 . A. (1909): Eruption of Ngauruhoe, 1 1th March, 1909, as seen 
from the Waimarino Plain. Rept. Dept. Lands. Pari Paper 
C. J, 45-6 

Kkrry-Nicholi.s, j. H. (1887)* The Volcanic Eruptions in New Zealand. 

J. Soc. Arts, 35, 174-92 (with map). 

M ARSH ALL, P. ( 1 908) : ( •eolog>' of Centre and N orth of Nort h Island . Trans . 

N.Z. Inst., 40, 79-98. ‘ 

(1934). Department of Lands and Survey. Public Domains and 

National Parks of New Zealand {Annual Report On). Pari. 
Paper C.-tO, p. 4 

T*oni>, a. and Smith, S. P. (1887): Observ'ations on the Irruption of Mount 
Tarawera, Bay of Plenty, New Zealand, 10th jiine, 1886. Trans. 

N.Z. Inst , I'O, 342 71. 

Salmon, C. T (1^)9): Volcanoes, Old and New Life, Decenilier, 1909, 
595-9 (with 6 figs ) 

Thomson, J. A. (1926). Volcanoes of the New Zealand-Tonga Volcanic 
Zone A Record of Eruptions S.Z. f.Sci.anc] 7Vr// , Vll I, 354-71 . 

APF'ENDIX 

Ngauruhoe Ash Analysis* 

A sample consisting of 35 g. of gravelly material was obtained after soaking the 
original sample of ash for three weeks in 350 ml. of wfiter and filtering. From the 
residue left after the filtration, partiall)' dried, a sample was prepared and analysed 
for the main constituents. 

The results were as follows * 


SiOg 

57.09 

Algt)^ 

14.44 

FcgGs 

2.95 

FeO 

5.08 

TiC), 

0.90 

MgO 

(aO 

3.98 

5.19 

NagG 

2.16 

KgO 

1.20 

MnO 

0.10 

PsOfi 

0.17 

BaO 

0.04 

SGg 

2.46t 

Cl 

0.07 

COg 

trace 

Hg04- 

2.36 

HgO- 

1.92 

100.11 


* Kindly supplied by the Dominion Laboratory. 

t This is total sulphur, determined by the fu.sion method and expressed as 
SO 3 (equivalent to 0.985 per cent. S). Of this only 0.15 per cent. SO* 
could be extracted by boiling the sample with water, whilst a further 1 .25 
per cent. SO 3 could be extracted by means of boiling dilute hydrochloric 
Acid (1 acid : 5 water),-— but no further amount by means of * aqua regia L 
No evidence of the presence of iron pyrites in the sample was obtained in the 
course of the analysis. As the presence of pyrites and of free sulphur thus 
aeems to be precluded, it is possible that, apart from the presence m gypsum, 
anhydrite, and other acid-soluble sulphates, very basic sulphates, such as 
Alunite, KgAle (OH) x 3 ( 80 ^) 4 , which are said to be unattacked by hydro- 
chloric or nitric acid, may be present. 
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NOTE ON INVESTIGATION ON THE USE OF 
SUPERSONIC PULSES FOR MEASURING THICKNESS 

By J. Templeton, Dominion Physical Laboratory, Lower Hutt 

(Rereived for publication^ 6th October, 1948) 

Details are given in D.P.L. Report No. 8/7/53 the work carried out at the 
Dominion Physical Laboratory from July, 1947, to January, 1948, in the attempt 
to evolve a method for measuring the thickness of concrete ]yy supersonic pulses. 

The method tried was to inject into the face of a concrete layer short bursts 
of supersonic energy in the hope that they would be reflected from the back 
surface of the layer with sufficient energy to be recei\ed again at the face. Measure- 
ment of the time elapsing between transmission and reception would then provide 
a direct measure of the thickness of the layer. 

An X-cut circular quartz crystal of diameter 325 cm., having a frequency of 
3(X) kc/s was chosen as the source of supersonic sound. Details are given of the 
crystal transducer which was designed so that the maximum amount of supersonic 
energy could conveniently be injected into a si)ecimen under test. 

All the initial work was carried out on a .solid rod of mild steel in order that 
the electronic circuits could be developed to their optimum efficiency. It was found 
that supersonic waves could only be injected into the surface when the latter was 
ground flat and smeared with an even layer of a suitable conducting medium such 
as vaseline, oil or plasticine. 

The transmitter generated damped bursts of high frequency oscillations at a 
repetition frequency of 50 p/s. The output stage consisted of a condenser dis- 
charging through a thyratron and shocking the crystal into oscillation. For 
maximum efficiency the crystal load was made purely resisti\e by neutralizing the 
.self-capacitances of the transducer and leads with an inductance connected in 
parallel. 

The receiver, which was fed from a transducer identical to that at the trans- 
mitter, was a conventional band-pass R.F. amplifier tuned to 300 kc/s with a gain 
of more than 100,000. The receiving transducer converted the supersonic signal 
from a compressional-wave disturbance to an electrical vibration by the converse 
piezo-electric effect. Amplified signals from the receiver were fed to the synchro- 
scope and displayed as a steady image since its linear sweep was triggered 50 times 
per second by negative pulses, the phase of which could be varied with respect 
to the pulse from the transmitter. The trace on the synchro.scope showed both the 
transmitted pulse and the echoes from the flaws in the metal or from the 
boundary surface. 

Tests were carrie<l out successfully on good super.sonic conductors, such as 
metals and water, but it was found impossible with the abo\e equipment to detect 
any reflections when the sui>er sonic pulses were applied to the surface of specimens 
of concrete. 

It was therefore concluded that with a fretpiency as high as 300 kc/s, it is not 
practicable to transmit supersonic sound through concrete and similar materials. 
Possible causes of failure are:— 

(1) Unsatisfactory supersonic conduction between transducer and face of 
the specimen; 

(2) All waves may be totally scattered by discontinuities, like pebbles, 
because the wavelength (0.6cm.) is of the same order as the size of 
the obstacle; 

(3) The supersonic energy generated may not be sufficient. 

It should be noted that, even though the etjuipment could detect flaws in metals, 
it is preferable to use a frequency of several megacycles per second for flaw detec- 
tion if fine re.solution is required. 
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EFFECT OF FINAL VACUUM ON KICKBACK IN PINUS 
RADIATA AND P. LARICIO TREATED BY AN EMPTY- 
CELL METHOD WITH AN AQUEOUS SOLUTION 

By K. M. Harrow, Plant Diseases l>ivision, Department of Scientific 
and Industrial Research 

{Reicivcd for publication, 27th May, 1948) 


Summary 

The effect on kickback of a vacuum of 20 in. Hg applied to Finns 
radiata and F. laricio timber after pressure impregnation with an aqueous 
solution has been studied. Results showed that holding in vacuo for one 
hour produced a greater kickback than occurred in the same time without 
vacuum, but kickback was not complete. Twenty-four hours after im- 
pregnation, the kickback from boards which had been subjected to an 
hour’s final vacuum was identical with that from lK)ards allowed to drain 
at atmospheric pressure. 


1 NTROOrCTION 

A COMMON commercial practice when preserving timber by pressure 
impregnation is to remove excess solution from the timber by drawing 
a vacuum in the pressure cylinder following the emptying of solution 
after impregnation. The American Wood-Preservers’ Association 
Manual of iWommended TVactice (1948) states: — “After pressure is 
completed, the cylinder shall be emptied speedily of preservative, and 
a vacuum of not less than 22 inches at sea level created promptly and 
maintained until the wood can be removed from the cylinder free of 
dripping preservative.” 

l^xperience with the pilot pressure plant (Harrow, 1947a) suggested 
that this practice was not warranted; tests were, therefore, made using 
Pinus radiata and P, laricio to measure differences in kickback with 
and without final vacuum. 

Mktiioi) 

Four groups of six P. radiata and three groups of six P. laricio 
boards S in. x 1 in. were used for the experiment. Immediately before 
treatment the boards of each group were cut to 8 ft. lengths by removal 
of at least 2 ft. from each end. Moisture content samples were taken 
from the off cuts and the air dry weight of each board recorded. Each 
group was treated se|Xirately with 2 per cent, atjueous boric acid at air 
temperature. For each charge the cylinder was filled with .solution at 
atmospheric pressure and then a pressure of 2(X)lb./.sq. in. rapidly 
applied. When gross absorption had ceased pressure was released, the 
cylinder emptied of .solution and the Ixjards taken out and weighed 
individually. Approximately 20 minutes elapsed l>etwecn release of 
pressure and weighing. This weight will be referreil to as “ out of 
cylinder ” weight. 

Three boards in each group of six selected at random were put back 
into the cylinder immediately after weighing and subjected to a vacuum 
of 20 in. Hg for one hour. To prevent drying, the other three boards 
were held in a closed tank over water for the same period. Immediately 



Table I. Effect of a Final Vacuum of 20 in. Hg for 1 Hour on Kickback Ratio (K.B.R.> of Pinus radiaia aKd 
P. laric'o after 0-200 lb./sq. in. Treatment. (Means of 12 and 9 Boards Respectively ) 
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after vacuum treatment was completed the six boards were weighed 
again individually and the “ after treatment ” weight obtained. All six 
were then placed in the closed tank for 24 hours and again weighed, 
the ” 24 hour ” weight. Finally they were returned to the tank and 
weighed daily until constant weight .showed that kickback had ceased. 

Gross absorption of each group was expressed as a percentage of 
the sum of theoretical maximum absorptions of all Ixiards in a group 
(Harrow, 1947b). This percentage was used to calculate the gross 
absorptions of each board, assuming that the figure for each boanl was 
the same as that of the group. This assumption is justified by the data 
on gross absorption percentages that have accumulated. 

The kickback ratio of each board was calculated from the four 
w'eights using the following formula: — 

Gross Ab sorption — {Out of Cylinder Weight — Air Dr y IVeight) 

Gross Ab-sorption 

Results 

Mean weights and kickback ratios at different periods after impregna- 
tion are given in Table 1. 

Table J1 shows gross absorption, kickback at different periods and 
final net absorjition in gallons per 100 ft. B.M., all of which were 
calculated from the means in Table 1. 

Discl'ssion 

From I'able I it is seen that, initially, kickback was rapid, almost 
half occurring in the first 20 minutes after release of pres.sure. Applica- 
tion of an hour’s final vacuum of 20 in. produced a significant increase 
in kickback ratio compared with no final vacuum, but after 24 hours 
ratios were virtually the same and remained so when kickback was 
complete. 

Thus use of vacuum treatment after impregnation merely accelerates 
kickback. Advantages are rapid recovery of a small quantity of solution. 
Against this mu.si be .set the time wasted by a charge remaining an 
extra hour in the cylinder. As an efficient pressure jilant should be 
capable of impregnating a change of pinus timlier in one hour, it is 
very doubtful if the use of a plant fur a final vacuum treatment is sound 
economically. Instead a covered draining platform capable of holding 
one day’s output .should be provided, where treatetl timber can staml 
for 24 hours after impregnation. 
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CHEMICAL PROPERTIES OF TWO NEW ZEALAND 
BENTONITES 


kecently two samples of Inaitonile (1), one from Forangahau, Hawke’s Bay 
and the other from Oaro, Marlborough, were examined to estimate their \alue 
as a base exchange medium for synthetic pot soils. The former contained 15.6 
per cent, calcium carbonate, had a base exchange capacity* of 43.7 m.e. per cent, 
and contained 11.4 m.e. per cent, of exchangeable sodium. A leaching with N- 
calciuni chloride showed that the sodium could readily be removed. However, for 
pot experiments it would also ht necessary to remove the calcium carbonate and 
as this would probably be impracticable without special equipment the Forangahau 
material seemed unsuitable for our purpose. 

I'he Oaro sample had a base exchange capacity of 74.0 m.e. i)er cent, and 
contained 36.6 m.e. per cent, of exchangeable calcium. There was no exchangeable 
sodium and no free calcium carbonate. The introduction by leaching of, say, 
18 m.e. per cent, of magnesium and 4 m.e. i)er cent, of potassium would bring the 
base saturation to 80 per cent, and provide the basis for a very useful standard 
soil. 

In the course of this work, it was found possible, by normal base exchange 
methods, to improve the swelling properties of both samples. These properties 
which arc estimated from the magnesium oxide test (2), in practice largely 
determine the commercial value of the mineral. The Forangahau material had a 
swelling co-edicient of 98. Leaching with .sodium chloride increased this to 100 
and leaching with calcium chloride reduced it t<i zero. The Oaro sample which 
was non-swelling was leached with sodium chloride. This comerted it into a high 
grade, UX) per cent, swelling, bentonite. 

The Forangahau deposits are large (3) and for uses requiring better swelling 
properties and in which calcium carbonate is not detrimental it may be possible to 
form tlie sodium clay at reasonably low cost by leaching with sodium chloride. 
Elaborate treatment would ned be practicable as l)entonite is essentially a low cost 
product. The Oaro deposits which outcrop in the valley of the Mikonui stream are 
comparatively small and although quantities sufticient for the pot work done in 
New Zealand .should be readily obtainable, larger scale commercial development is 
not possible.t 

Results from the above work suggest that considerable improvements may be 
made in some lower grade bentonites by a reasonably simple dressing process and 
therefore if any such ores have been condemned in the past, because of inadequate 
swelling properties, they .should be re-evaluated with this process in mind. 

R. B. MILLER 
27th July, 1948. 

Soil Bureau, 

D.S.I.R., 

Wellington. 
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IN New Zealano 

SCIENTIFIC NOTOS. 

INTERNAL PARASITES OF HORSES IN NEW ZEALAND. 

It is desirable that the species of internal metazoan parasites of the horse in New 
Zealand should be known. To this end a limited amount of material from the Mana- 
watu district was examined post mortem. As there appears little immediate prospect 
of continuing the investigation, the decision has been made to publish the results as 
they stand. 

The writer is indebted to Dr. A. O, Foster of the Bureau of Animal Industry, 
L’.S. Department of Agriculture, Washington, D.C. for named specimens, which facili- 
tated the process of identification. In this connection Baylis (A Manual of Helmin- 
thology, Medical and Veterinary, 1929) was an additional aid. 

Species Found 

Class Cestoda 

Family Anoplocephalidae 

Anopiocephala perfoliiUa (fioeze, 1782) 

Class Nomatoda 

Family Strongylidae 

Strongylus edentaius (Looss, 1900) 

S. equinus (Mueller, 1780) 

5. vulgaris (Jjooss, 1900) 

* Triodmtophorus serraius (Looss, 1900) 

* Oesophagodontus robustus (Giles, 1892) 
Cylicostomum coronatum (Looss, 1900) 

Cylicocercus catinatus (Looss, I%0) 

C. goldi (Boulenger, 1917) 

CylicQStephanus calicatus (Looss, 1900) 

C. minutus (Yorke and Macfie, 1918) 

C. longibursatus (Yorke and Macfie, 1918) 
Cylicocydns nassatus (Looss, 1900) 

C. insigne (Boulenger, 1917) 

Family Oxyuridae 

*Oxyuris equi (Rudolphi, 1803) 

Family Ascaridae 

Parascaris equorum (Goeze, 1782) 

Family Spiruridac 

^Habronetm megastoma (Kudolphi, 1819) 

Class Insecta 

Order Diptera 

Family Oestridae 

Gastrophilus intesHnalis (de Geer, 1776) 

♦G. nasalis (Linn^, 1761) 

•G. haemorrhoidalis (Linn6, 1761) 

Species marked with an asterisk are those which Dr. C. S. M. Hopkirk, formerly 
of the Wallaccville Veterinary Laboratoiy, has indicated by private communication 
that he has found, but were not present in material examin<^ by the writer. 

J. H. Tetley. 

Massey Agricultural College, 
mmerston North, 
drd May, 1948« 
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PROCEEDINGS OF THE SEVENTH PACIFIC SCIENCE 
CONGRESS (New Zealand) 1949 

The Organizing Committee proposed to publish the Proceedings of 
the Seventh Pacific Science Congress in single divisional or in appropri- 
ately grouped divisional volumes, and to offer single volumes as well 
as sets for sale. 

No decision can yet be made as to the grouping of these volumes, 
or of price, but something of the following order may eventuate : 

Volume 

I General Proceedings, Narrative, Representa- 
tion, Attendance, Research Plan Report 150 pp. 7/6d. 

II Geology, Geophysics and Volcanology - 600 ])p. 28/6d. 

TIT Meteorology and Oceanography - - 4(X) pp. 20/-' 

IV Zoology ----- 550 pp. 26/- 

V Botany, and Soil Resources Agriculture 

and Forestry - - - - 550 pp. 26/- 

Or V Botany - - . - 250 pp. 11 /6d. 

VI Soil Resources, etc. - - 300 pp. 14/6d. 

VI Anthropology, Public Health and Nutrition; 

Or 

VII Social Sciences - - - - 550 pp. 26/- 

It will be realized that the larger the initial order for printing, the 
lower the cost of imlividual volumes will be; early registration with 
SECRICTARY-GENERAL, BOX 27, NEWMARKET, AUCKLAND, 
S.E.1, will therefore ensure a copy being available and contribute to 
lowering the cost. 

It is hoped to complete the printing by MARCH 1950. 

It is emphasized that the above grouping and size of volumes are at 
the planning stage only, and the prices mentioned are, at the best, 
tentative. 
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A NEW METHOD OF MEASURING POTENTIALS OF 
POLARIZED ELECTRODES IN SOIL CORROSION CELLS 

By W'. Ni-.UiHBOfKs (late of Radio Development Laboratory', 
Dept, of Scientifir and Industrial Kescarcli, Wellington) 


( Ue(*nved far puhluatUm, 15th FchntcirVt 1U4H) 


Summary 

A met hod of interrupting tlie current through a soil corrosion cell and of 
measuring the potentials of the polan/ed electrcxles during the period of 
interruption is descnlied An electronic nrcnil is used to interrupt the 
current and the potential across the cell at interruption is lialanccxl against 
a known )M>tential, an oscilloscope being used as a null indicator. 

IXTRODVCTION 

For soil corrosion investigations being carried out at the Soil Bureau 
of the New Zealand Department of Scientific and Industrial Research, 
a method designed by Hickling (1) and applied by Denison and Dar- 
nielle (2) (3) was tried, but it was felt that some improvements could be 
made in the technicjuc of measurement by using a visual method with 
oscilloscope presentation rather than the aural method of the Hickling 
meter. A circuit was accordingly developed along these lines and has 
jiroved to be satisfactory in the measurement of potentials of soil cor- 
rosion cells. 

(iKNKRAL DESCRIPTION OF METHOD 
The new method is shown in the blcK'k diagram, Fig. 1 . A is a sharp 
trigger pulse generator using a free running multivibrator circuit. The out- 
put from the master trigger is connected to the pulse shaping multivibra- 
tor B which operates only when a trigger is received from A. 1'he output 
from B, which consists of a negative pulse of the desired interruption 
period and about 200 volts in amplitude, is used to control the rest of 
the apparatus consisting of the switching tube F, the time base generator 
C, and the time marking oscillator E. The negative pulse from B is 
applied to the switch tube F and this effects a complete interruption of 
the current from the power supply K to the corrosion cell G. The 
amplitude of the current through the cdl is controlled by adjusting the 
grid bias of the switching tube and the negative voltage pulse causing 
interruption is superimposed on this ayetage bias, The sweep time 
base C deflects the (fecilloscope beam from left to right at a constant rate 
during the interruption period, thus providing the horizon|i^ component 
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in the visual presentation. The time marking oscillator K is quiescent 
while current is flowing through the soil cell, but oscillates during the 
period of interruption, i.e., while the negative impulse from B is received. 
The output from this oscillator is applied to the grid of the cathode ra}^ 
tube resulting in changes of intensity of the beam at the frequency of 
the o.scillator and thus providing marks as the beam is being deflected 
and enabling the time of interruption to be quickly and {iccurately 
determined. 

The potential, during the period of interruption, across the cell and the 
potentiometer (connected in series) is amplified by the 1).C. amplifier 
H and applied to the Y or vertical deflecting plates of the cathode ray 
tube. 

When a measurement is being taken the switch S, as shown in Fig. I, 
is used to change from the cell and potentiometer in scries to a resistance 
of approximately the same value as that of the cell. The vertical height 
of the horizontal trace on the screen is an indication of tlu^ potential 
between the point R and earth during interruption of the current. When 
the current is passed through the resistance there is no polarization and 
so the potential at interruption is zero, but when the current is applied to 
the cell and potentiometer in series the resultant potential at interruption 
is the potential of the cell -and that across PQ. If P is varied so that the 
position of the trace on the oscilloscope is the same whether the resistance 
or the cell and potentiometer are in the circuit then the potential across 
PQ (which is known) must be equal and opposite to the polarization 
potential of the soil cell. Thus the oscilloscope is used as a null in- 
dicator, and the potential at interruption is read off directly in terms 
of the back voltage introduced by the calibrated potentiometer. 

Detailed Description of Circuit 

The circuit is shown in detail in Fig. 2. is a double triode ar- 
ranged as a free running multivibrator which, due to the bl<x:king effect 
of the Mgh impedance cathode circuit in the second section and the 
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direct coupling between the plate of the first section and the grid of the 
second, produces a short trigger pulse which is used to trigger \\, \\, is 

a multivibrator with the second section biassed beyond cut-off so that 
this stage is normally quiescent. The cathode of the second section of 
Vg is taken to a tap on a potential divider between B-} and earth and 
the grid leak is taken to ground giving a negative bias to this section 
of approximately 25 volts, sufficient to cut off this side completely. The 
first section of Vg is normally" conducting as botli cathode and grid 
resistor are returned to ground. Thus there is a low voltage on the plate 
of VgU due to the drop across the plate resistor, and the anode of Vgb is 
at full H.T. because this side is cut off. The short negative trigger 
coming from Vj is applied to the grid of VgU and is of sufficient amj)li- 
tude to cut this section off completely. The plate voltage now rises 
on Vga and this rising wave-front is applied to the grid of Vgb via tlie 
resistance capacity coupling. Thus the grid of Vgb rises above the 
cut-off point and Vgb commences to conduct. The plate voltage on Vgb 
starts to fall because of the IR drop in the plate resistor and this falling 
wave-front is communicated back to the grid of V^a. In this w'ay a 
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cumulative action is started and the sections of Vg rapidly reverse roles, 
Vja being cut-off and Vgb being in a conducting state. The negative 
charge on the grid of Vga then leaks away through the grid resistor, and 
after a period, depending on the time constant of the grid resistor and 
the coupling condenser to the plate of Vgb, V^a again commences to con- 
duct. The above action is now reversed and the stage then reverts to its 
normal quiescent state to await the next pulse from which is much 
shorter than the smallest desired time of cell current interruption. 
Therefore, at the moment of the trigger there is a positive going pulse 
on the plate of Vga and a negative going pulse on tlie plate of Vgb, both 
of which are of the same duration. This pulse time, which is the time 
of interruption of the cell current, is controlled by means of the variable 
resistor in the grid circuit of Vja from about 10*^ to 1(H seconds. The 
frequency of interruption, or the frequency of triggering by Vj is control- 
led by the variable resistor in the cathode circuit of Vjb. 

The negative going pulse on Vgb is then fed to the first section of V4 
which is arranged as a cathode follower buffer stage, and from the cathode 
of this stage the negative pulse of about 100 volts is used to control the 
rest of the circuit. 

is a pentode which controls the current through the soil cell. 
150 volts negative is fed to the cathode of this tube and the plate goes 
to ground through the milliaineter and the soil cell in series. The 
standing current is controlled by varying the grid bias on V,q by means 
of the potentiometer K34. This current is completely interrupted by 
the negative pulse from V4a through the diode Vga. The purpose of this 
diode is to eliminate the positive kick-back which would otherwise appear 
after the negative pulse on the grid of Vji,, due to the coupling condenser. 
The interruption pulse by this method approximates the ideal rectan- 
gular form, so effecting complete cut-off for the pre-determined time. 

At the same time that the current is interrupted in Vjq, V^a is also cut 
off and the condenser charges up towards B + . This rising voltage, 
after passing through the cathode-follower section V^b is applied to the 
X plates of the oscilloscope and causes the beam to move from left to 
riglit. 1'he distance that the beam traverses depends on the time of the 
master negative pulse, i.e., the horizontal sweep occurs during the 
period of interruption. 

Section b of V4 normally has its grid at earth potential and is therefore 
conducting. The plate current of this tube passes through an LC circuit 
tuned to 10,000 cycles per second. The master negative pulse cuts this 
stage off also, and the current in the tuned circuit dies away as a train 
of damped oscillations at its resonant frequency. This train of oscil- 
lations lasts for the duration of the negative pulse, i.e., during the 
interruption period, and after amplification and limiting at Vga and b 
where all the oscillations are brought to the same level the train is applied 
to the grid of the cathode ray tube, and as the sweep moves from left 
to right a series of timing marks (one for each 10"^ sec.) are described 
which serve to calibrate the duration of . the negative pulse and con- 
.sequently the time of interruption of the cell current. 

Vy, Vg and Vg constitute a D.C. amplifier and cathode-follower output 
stage which is connected to the Y plates of the cathode ray tube, and 
the input of which is across the soil cell and external potentiometer. 
Therefore the potential across the cell and potentiometer during inter- 
ruption governs the height of the sweep of the scope beam while the 
duration, of interruption controls the length of sweep in the horizontal 
direction. 
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Vk. 3 \])paratus ‘‘or l>'Hison Cell Test ; 

A ('ircuit shown diagraminaticaliy in Kig. 2. 
n. Soil cell 
(' Pnlenlionioter 

T) Switches (2) shown as S and T in 1 
1* Volt meter across Tat ten F. 

1'. Halterv across potentiometer C 
<’. Resistance box (0-10,00(1 ohms) 



Fjg 4. — Potentiometer used in Denison Cell Test. 
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Constructional Details 

The circuit as shown in Fig. 2 was enclosed in a case 44 cm. long, 
25 cm. wide, and 30 cm. high, which is shown together with the rest of 
the apparatus used in the test in Fig. 3. The soil cell is normally en- 
closed in a sealed glass jar even while under test, in order to minimize 
moisture loss, but the jar is omitted in Fig. 3 for the sake of clearness. The 
cell is made of transparent acrylic plastic in three pieces and is the same 
in principle as that described by Denison and Damielle (2). The con- 
struction of the potentiometer used to balance the potential across the cell 
is shown in Fig. 4. It consists of a machined frame, the sliding part 
of which contains a bakelitc drum on which is wound ten turns of resis- 
tance wire. This part is arranged to slide on two supports in the fixed 
part of the frame, one of which can be seen on the right in the photograph. 
A screw thread on the dial shaft engages in a threaded hole in the centre 
of the sliding drum. This thread is arranged to have the same pitch 
as the resistance winding. An extension on the threaded shaft at the rear 
of the potentiometer carries the wiping arm shown in the photograph. 
Thus as the wiping arm revolves the drum slides in or out according to 
the direction of rotation keeping the consecutive turns of the coil under 
the arm. The wiping contact is an inclined copper roller. An engraved 
indicating rod which projects through the fn)nt of the case shows which 
turn of the coil is under the arm. 

References 

(1) Hickling, A (1937): Trans, Firadav Soc., SS, 1540-6. 

(2) Denison, 1. A, and Darnielle, R. B. (1939): Trans. Electrochem Soc., 

76, 199-214. 

(3) Darnielle, R. B. (1940): /. Ees. Nat. Bur. Stand , 25, 421-33. 


A CLASSIFICATION OF NEW ZEALAND COAL 

By M. T. Te Punga, (xcology Department, Victoria University 
College, Wellington. 

(Received for publication, 22nd September, 1948) 

Summary 

A classificjition of New Zealand coal according to the A.S.T.M. scheme is given. 

As the properties of the constituents of coal and the chemical treat- 
ments for separating spores from coal both vaiy^ with the rank, a classi- 
fication of New Zedand coals by rank is essential if the constituents 
and spores are to be studied. 

The classification recommended hy the American vSociety for Testing 
Materials (Moore, 1940, p. 131), and approved by the United States 
Bureau of Mines, can be u.sed conveniently for classifying New Zealand 
coals. 

In the Dominion Labciratory Coal Survey Report No. 80 (see Table I) 
a series of New Zealand coals has been broadly classified into four main 
groups. Table II gives the A.S.T.M. classification of coal by rank. 
The present classification of New Zeal^d coals (Table III) is based on the 
A.S.T.M. scheme using the figures given in Table I, and it is considered 
that this classification is less difficult to apply than Tyler's classification 
as modified by Evans (1924). 
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The calculations were made hy employing the “ moist ” basis ap-, 
proximation formulae (Moore, 19*10, p. 13S) as follows : 

1. Pry, Mm-free F.(,. •= i^'3(^4:i7rA4-'<rrS) ^ 

2. Dry. Aim-free V.M. — UK) — Dry, Mm-free F.C. 

3. Aloist, Mm-free B.Th.U ^ „-r,T X 100 

100 — (1.1 A -f 0. 1 S) 

where Mm mineral matter, F.C. == percentage of fixed carbon, 
V.M. ~ percentage of volatile matter, M = percentage of moisture, 
A == percentage of ash, and S percentage of sulphur. In the above 
formulae the percentage of fixed carbon + volatile matter + moisture 
f ash KK). 


It should be noted that the A.S.T.M. classification of coal by rank 
is a refined and rigid division of coals into a series of groups that are 
arranged in order in accordance with the degree of alteration of the 
coals in the natural sequence from lignite to anthracite. The classi- 
fication represents the result of ten years of intensive work by individuals 
and organisations re]iresenting all fields of interest in coal. Hendricks 
has emphasized the importance of this classification as a basis for dis- 
posing of ])roblenis of the rank of coal (Hendricks, 19JI8). 


Table J. .\nalyses of Kkpresentative New Zealand Coals (Air-dried Samplf.s) 
(Llominion Laboratory Coal Survey Report No. 80. 15/7 41) 


Class and l.ocalitv ! 

Mois- 

ture 

Volatile ! 
matter ; 

i 

b'ixed ! 
('arlK)n | 

Ash . 

Sul- 

plnir. 

B.Th.r. 
per lb 

Crucible 

Swelling 

No 

Super- lift Hwniou'i - 


! 






l’aparf)a No 1 seam 

0.9 

17.4 : 

78.5 

3.2 

0.28 

15,040 

5 

Pa]>aroa No 2 seam 
Iktumwous 

0.7 

24.4 1 

73.1 

1 

1 

1.8 

0.34 

15,300 

9+ "f- 

Mi Her ton 

1.0 

37,2 

60.4 

1.4 

4.15 

14,540 

9-{- 

Deimiston 

2.0 

39.9 

55.4 

2.7 

2 .27 

14,290 

74 

St or kt on 

2.3 

38.4 

57.5 

1.8 

4.70 

13,640 

71 

Liverpool 

1.1 

34.8 1 

59.8 

4.5 

0.35 

14,570 

9+-h 

r)r)bsoii 

0.8 

42.0 

51.8- 

5.4 

1.86 

14,080 

9+ 

Wallsend 

0.7 

40.0 

52.5 

6.8 

2.44 

13,960 

9d 

Strongman 

6.3 

40.4 

51,1 

2.2 

0.26 

12,940 

3* 

blackball 

4.3 

49.8 

45.1 

0.8 

5.24 

13,790 

74 

Blackburn 

2.3 

43.1 

53,4 

1.2 

4.99 

13,480 

54 

Murchison 

Suh- Ihtumimnis - 

4.5 

42.3 

47.4 

5.8 

2.86 

13,400 

2 

Hikurangi 

5.3 

43.1 

45.8 

5.8 

5.53 

12,070 

14 

Reef ton No 2 seam 

7.0 

47,2 

43.6 

2.2 

5.12 

(12,100) 

1* 

Reef ton No 4 .scam 

13.6 

39.6 

! 45.2 

7.6 

1 1.41 

11,170 

NC. 

(lien .\fton 

16.1 

38.4 

1 42.1 

3.4 

‘ 0.29 

10,650 

N.C. 

Rotowaro ( J aupiri) 

16.3 

39.4 

1 40.9 

3.4 

1 0.18 

10,190 

N C. 

I’likemiro 

16.3 

1 39.7 

1 42.4 

1.6 

0.22 

10,490 

N C 

Wilton 

12.9 

46.0 

38.4 

2,7 ; 

0.54 

11,150 

N.C. 

Manga pehi 

16.6 

37.4 

1 39.6 

6.4 1 

0.75 

9.500 

N.C. 

Tilt 11 

n.i 

45.2 1 

! 37.9 

5.8 i 

5.11 

10,450 

NC. 

Linton 

16.2 

36.7 ; 

44.6 

2.5 1 

t).20 

10,780 

N.C. 

V^'airaki 

16.6 

33.0 

43.5 

6.9 i 

0.18 

9,8a) 

N.C. 

Kaitangata 
lignites : — 

17.6 

36.3 ! 

39.9 

6.2 

0.20 

1 9,740 

NC. 

Charleston 

23.7 

41.8 i 

30.8 1 

3.7 

5.71 

9,300 

N.C. 

Mt. Somers 

K’ondyke (North 

18.4 

37.4 

35,5 ! 

i 

1 

8.7 

2.46 

0.44 

(8,500) 

N C, 

Canterbury) 

22.5 

32.9 

39.9 

4.7 

9,180 

N.C. 

Mataura 

29.3 

37.1 ! 

27.7 

5.9 

0,50 i 

7,340 

1 N.C. 

Bannockburn 

Omokoroa 

30.3 

39.3 

23.3 

7,1 

' 0.42 

7,780 

i N.C. 

1 

(I'auranga) 

21.9 

39.6 

31.0 

7.5 

0,41 

7,4^ 

L_N.C, 



Table II. A.S.T.M. Classification of Coal by Rank* 

F.C. = fixed carbon. V.M. = volatile matter. B.Th = British thermal units. 
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OF Anobium punctatum de Geek 

The term “ agglomerating,” as employed in the A.S.T.M. classi- 
fication means ‘‘weakly coking ” and by “ weathering ” is meant 
'■ the tendency of a coal to crumble when exposed to the alternate drying 
and wetting action of the weather.” 
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A NOTE ON THE LIFE-CYCLE OF ANOBWM PVNCTATVM 

DE GEER 

By J. 11. Kelsev', Department of Scientific and Industrial 
Research, Nelson 

{Received for publication, 17th March, 1048) 

Summary 

rho life cycle of A nobiunt punctatum De (Jeer occupie.s not less than three 
years in air-dried, sap-wood kahikatea, and not less than four years in air- 
dired, .sap-wcxid Pinus radiata when recently milled. Jn lx)th timbers the 
life-cycle for some individuals exUrnded to at least one year beyond the above 
figures Kiln -dried timber prolongs the life-c\vclc but does not prevent in- 
festation . 

Introduction 

The results published in this paper are derived from a large series of 
sap-wood blocks of the following species of timber subjected to ovi- 
po.sition by Anobium punctatum from 1943 onwards : — 

Kimu — Dacrydium cupressinum Soland. 

Kahikatea — Podocarpus dacrydioides A. Rich. 

Totara — Podocarpus totara D. Don. 

Insignis pine — Pinus radiata D. Don. 

Tawa -— iawa Benth. and Hook. 

The experiments were set up primarily to determine whether or not 
there was any correlation between length of timber-seasoning period on 
the one hand, and susceptibility to attack by A. punctatum on the other. 
It was not easy to find the exact dates on which trees were felled and the 
logs milled, but the dates given here can be taken as accurate to within 
six weeks. 

Technique 

Timbers used in these experiments were selected from several Auck- 
land mills the owners of which supplied information on milling dates, 
etc. Boards free from heart were selected, and any of which the iden- 
tity was too much in doubt was discarded, 

Identification of timber species was made primarily by timber 
merchants and checked by officers oi the Department of Scientific and 
Industrial Research, but though the writer is reasonably certain as to the 
identity of the spiles, there is still an element of uncertainty. This is 
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particularly so in the case of the P. radiata as there are several species 
of conifer bein^ milled under the name of P. radiata. In case any 
question as to timber species arises some blocks have been retained for 
reference. 

Single boards were used for each sj>ecies of timber, and these were 
cut into 3 in. X 1 in. x 1 in. blocks and kept under cover for seasoning. 
Blocks for the first year’s tests were left rough, but those for succeeding 
Anobium flight seasons were dressed all round and subjected to the 
muslin bandage technique (1). Sufiicicnt timber was obtained for 
carrying on tests over a period of 10 years. Each year 21 blocks for each 
species were used for the oviposition tests. 

Before placing in cages, each block was carefully examined by 
means of a binocular microscope to ensure that no Anobium eggs had 
already been laid on the surface. This was not easy with rough sawn 
timber, and was the reason for adoption of the bandage technique descri- 
bed in a previous paper. However, in the first experiments, the time at 
which the timber was milled would guarantee that no Anobium could 
have oviposited on samples prior tp setting up of the experiment. With 
the bandage treatment of dressed blocks it is extremely easy to see 
whether eggs have been laid or not, or if larvae have already tunnelled 
into the wood. The importance of this preliminary inspection is illus- 
trated by the fact that after the third year of seasoning, seven blocks had 
to be discarded because eggs had been laid during storage of timber. 

Three blocks were used in each cage ; these were of the Prell type (2) 
and five female and five male beetles were placed in each. 

The P. radiata was milled about the beginning of August, 1943, 
and the kahikatea in March, 1943. The P. radiata was subjected to 
egg-laying from 10/12/43-31/12/43 and the kahikatea from 30/11/44- 
5/12/44. 

Further particulars as to the blocks from which adults emerged are 
set out in the following table. 


Cage No. 

Block. 

riniber species. 

Date eggs 
laid. 

No. of 
adults 
emerging. 

Date. 

Life cjxle 
in years. 

48 

a. 

c. 

d. 

P. radiata 

10/12/43- 

3\li2l4S 

9 9 

2 

4 

1 

— /12/47 

99 

99 

4 

I 

a. 

k.'ihikatea 

30/11/44- 

5/12/44 

15 

9 * 

3 


b. 

It 


3 




c. 

tf 

99 

2 

ti 

99 

2 

a. 


9 9 

22 




b. 

>1 

99 

10 




c. 


99 

16 


It 

3 

b. 

It 

99 

4 ' " 



" 

c. 

It 

99 

5 


It 

4 

a. 

It 


24 

,1 



b. 

It 

!! 

14 


9t 


c. 

It 


4 

!! 1 

99 


b. 

99 

‘ It 

1 

*■ — -H 

It 


h. 

tt 

1 


6 

tr- ‘1 

H 1 
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Fig. 1 


Kiln-dried timber milled during the same month as the air-dried material 
and on which Anobium laid eggs at the same time, contained live larvae, 
but these were much smaHer than those in the air-dried wood of the 
same species and age. This is indicated clearly in Fig. 1 which shows : — 
(a) a four-year-old larva from kiln-dried compared with (b) a larva of 
the same age fnnn air-dried P, radiata. 

Four-year-old larvae were still tunnelling in air-dried and kiln-dried 
tawa sapwood and were of approximately the same size as those of 
similar age in kiln-dried P, radiata. 

To date no live larvae have been recovered from four-year-old air- 
or kiln-dried rimu or air-dried totara, though larvae had tunnelled in 
all of these for distances of g in., and in the air-dried rimu for over 
If in. before dying. 

From these results it can be seen that Anobium pxmeiaium has a 
minimum life-cycle of three years in air-dried, sapwood kahikatea that 
has been milled for less than one year at time of oviposition, but that 
some of these larvae may take four or more years to reach maturity. 

The life-cycle in air-dried, sapwood P. radiata occupies a minimum 
of four years when timber has l)een milled for less than one year at time 
of egg-laying ; here, again, some larvae take at least one year extra to 
complete the cycle. > 

Anobium larvae are able to survive for at least four years in both 
air- and kiln-dried, sap-wood tawa of less than one year in age from 
milling. 

Anobium did ncft survive 4n either air- or kiln-dried sap-wood rimu 
that was milled less than one year at time of ovipdsitix)n, though tunnels 
varied in length frbili ’Af in. to 1| in. in the air-dried blocks. 
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Larvae tunnelled for a distance of up to | in. in sap-wood of air-dried 
totara, but did not survive. 
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LARGE SCALE PRODUCTION OF FISH LIVER OILS 

II. FIVIi YEARS OF PRODUCTION 

By M. M. Cunningham, C. Scott and E. Cone, Karitane 
Products Society, Wellington 

(Received for publication, 7th July, 19iS) 

Summary 

All account is given of five years* pnxluction of 6^ liver oils by the 
Karitane Products Society. During this period a total of 82,329 gallons of 
oil, or 78 per cent, of the total recorded Dominion production, was attained. 
Details of plant and processing, and difficulties encountered in collecting raw 
material are described. Speclrophotometi ic determination of vitamin A in 
fish liver oils is discussed, and values obtained for ling, gioper and shark liver 
oils recorded. 

Introduction 

During 1942 a factory for the production of oils from the livers of New 
Zealand fish was constructed at Island Bay for the Karitane Products 
Society. Previous to this, in 1940 and 1941, concern for cod liver oil 
supplies threatened by war had induced the Society to establish and 
operate, at their premises in Melrose, a pilot plant. In this plant some 
10,000 lb. of fish livers were processed during an investigation designed 
to show whether large scale production of fish liver oil was in fact a 
practicable undertaking in New Zealand. During this period techniques 
of extraction were worked out and details of plant considered ; and 
preliminary trials having proved successful it was decided to undertake 
commercisd production. Delays in building and hold-ups in assembly 
of plant due to war conditions retarded the official opening of the Island 
Bay factory until March, 1943, but by that date full factory production 
had been attained. Details of plant and processing techniques, to- 
gq^ber with experience gained during the first year of production were 
summarized by the aut^rs in an article in this Journal (1), in which 
characteristics of the oils produced were also discussed. 

In the four years which have elapsed since the appearance of the 
above-mentioned article production has been carried on at the Idand 
Bay factory in steadily increasing volume ; thus the figure of 5,4W 
gallons of oil produced during 1943-44 had risen by 194^7 to 23,4^ 
g^ons j(see Fig. 1). The Society’s objective in undertaking the ex- 
ttection <^.£sh liver c^--naindy provision of a material capable of 
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PRODUCTION OF FISH-UVER. OIL IN 
NEW ZEAUND. 



Fig. 1. — -Total production of fish liver oils in New Zealand, 1943-48, 
with production of the Karitane Products Society in black. 
No figure is available for total Dominion production in 1943. 


replacing cod liver oil in the nutrition of the children of New 2^aland — 
was early realized ; and it has further been |)ossible to export large 
quantities of fish liver oils to Britain, ano lu assist in the rehabilitation 
of Euro}»an nations. By the beginning of the current year, however, 
the fish liver oil industry having been firmly establislied in New Zealand, 
and a supply of the essential vitamins A and D assured, the directors 
of the Karitane Products Society considered that commercial impli- 
cations consequent on the large production attained were threatening 
to swamp the real interests of a non -commercial concern, and for this 
reason have handed over production at Island Bay to another firm. 
Nevertheless, since fot five years three quarters of the total amount 
of fish liver oil produced in the Domiui<m has derived from the factory 
at Island Bay, it is thought of interest to record development of the 
enterprise in the hands of its initiators. 
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Plant and Processing 

One 3r6Rr’s operation was sufficient to demonstrate that both plant 
and accommodation at the Island Bay factory were inadequate to deal 
with possible supplies of raw material. Early in the second year of 
operation, therefore, extensive alterations were carried out, the factory 
being treWed in size, and plant of greatly increased capacity instaUcd. 

The “ production line ” in the original factory was as follows : 
Taken from cold store, or directly on arrival, livers were cleaned, sorted 
and fed into power mincers, which in turn discharged the resulting 



Fio. 2, — Livers being fed into disintegrators. 

dudge to steel digestion pans. Two types of processing were employed, 
(a) simple treatment with live steam, which is sufficient to extract the 
, oil from livers of high oil content, such as ling and shark, and (b) enzyme 
• digestion, which is necessary for freeing the oil from tyi)es such as groper 
and barracouta. The processed liver slurty was pumped up to overhead 
tanks whence it was admitted by gravity feed to a Sharpies super- 
centrifuge. 

In the new assembly the original refrigerated room was replaced 
by a completely separate freezing unit capable of storing 10,000 lb. 

f of liver at a temperature of 12“-1B°f, Arrangements fdr cleaning and sor- 
ting livj^ were extended, and the " line ” then passed to two five 
dirint^ators, in which beaters rotating at 3,000 r.p.m. reduced tii; 
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livers to pulp and passed them under pressure through sieves and thence 
to the digestion pans. These disintegrators were found to be much 
more efficient than the power mincers previously used ; further, since 
the sieves kept back fragments of connective tissue, etc., from the 
slurry, the final centrifuging of the processed material was facilitated. 
Fig. 2 shows livers being fed into the disintegrators, which in turn dis- 
charge into the processing pans (see also right hand side of Fig. 3). A 
third 100 gallon stainless steel digestion pan was added to the existing two. 

The most indispensable unit in the efficient production of fish liver 
oil is undoubtedly the .supercentrifuge which separates the oil from 
water and tissue debris. The Sharpies supercentrifuge instaUed in the 
first assembly proved itself so satisfactory in operation that in the new 



Fig 3.— Disintegrators at top right, discharging slurrj- into pro- 
cessing pans. Sharpies sujierccntrifuges at left. 


layout it was reinforced by two moie. With this batter}' of three 
centrifuges (sec left of Fig, 3), and an increase in the number of overhead 
feed tanks also to three, it was now' possible to process livers simub 
tanecmsly in three independent operation systems. 

Finally, since the oil storage arrangements in the first factory were 
found to be totally inadequate even for the volume of oil produced 
during the first year of operation, in the extended plant four 1 ,25() gallon 
tanks and one 750 gallon tank were installed and connections established 
so that oil could be pumped into them direct from the centrifuges (see 
Fig. 4). A system of pumping was also devised for the circulation of oil 
within these tanks, in order to ensure uniform characteristics for each 
tankful of oil, A further improvement on the original plant was the 
installation of a 250 gallon ** blender This consisted of a stainless 
steel cylinder fitted with a horizontal shaft carrying stirring blades and 
revolving at a low speed, and was used to blend batches of oil to any 
desired vitamin potency. 
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The extended factory was capable of handling with case two tons 
of livers per 8 hour day. As in the first assembly, the plant was largely 
automatic, and the whole could be run by four men. With these in- 
creased facilities production of fish liver oil mounted to 14,500 and 16,500 
gallons in the second and third years of production of the factory. 

Methods of processing have not been substantially altered during 
the period under review. In the case of livers from the various sharks, 
ling and other fish having livers of high oil content, treatment with 
live steam remains the most suitable method ; by using this method yields 
up to 70 per cent, of liver weight have been realised with shark livers. 
It is found desirable to process the livers for a short time only (fifteen 
minutes is usually sufficient), and to keep the temperature of the slurry 
as low as possible (not more than IBO'k,). When longer processing 
times or higher temperatures obtain, the presence of oxidised vitamin 
A is detectable in the resulting oil. This point will be referred to again 
in the section on measurement of vitamin A. Further, it cannot be too 
strongly emphasised that for production of liver oils of the highest 
quality, the freshness of the livers themselves is the mcjst important 
factor involved. No method of pre-treatment is known which will 
yield high quality oils from stale livers ; on the other hand, given fresh 
livers, simple steam extraction followed by centrifuging will invariably 
yield bland palatable oils, light in colour and low in free fatty acid. 

The treatment of groper liver outlined in our previous report has 
been slightly modified to give improved oil yields and quicker digestion. 
The rationale of the treatment, however, remains the same, i.e., enzyme 
digestion of the liver at optimum conditions of pH and temperature. 
Experience has shown that in the case of slurry from groper livers the 
first run through the centrifuge sometimes results in incomplete separa- 
tion of the oil, and it has been found worth while to collect the “ stick 
water and recentrifuge. 



219 


1949) Cunningham. Scott and Cone — ^IvArge Scale 
Production of Fish Liver Oils 


Destearinating, 

For medicinal purposes fish liver oils arc frequentl);^ required to 
remain clear or free from solid fat at winter temperatures. Thus New 
Zealand Standard Specification E.216 stipulates that Oleum Genypteri 
(Ling Liver Oil) and Oleum Galcorhini (Shark Liver Oil) shall be freed 
from scjlid fat by filtration at temperatures not exceeding 50°f. and 
respectively. This requirement seems to have nothing to 
recommend it on physiological grounds but is intended to improve the 
appearance of the oil. 

The most complete account of the theory and practice of removal 
of stcarine from fish oils is given bv Brocklesby (2), though even here 
the i^roblem is not cleared up. The main conclusions arc (a) that the 
prccii)itation of stearine as an oil is cooled is a very slow process, con- 
tinuing for several weeks after the oil has reached its lowest temperature : 
(b) that stirring of the oil during cooling is detrimental, causing the 
stearine to be precipitated as smaller crystals than are obtained from 
unstirred oil, which makes the subsequent filtration much slower. 
Brocklesby obtained tlu' desired large ciy^stals in a number of exjieriments 
but was unable to define the necessary conditions for their production ; 
he observed, however, that an oil which had been previously alkali 
refined gave better crystals. 

Our requirements for destearinated oil are small but in order to 
dest carinate occasional batches of oil up to 1(X) gallons we have developed 
a ])rocess using the minimum of equipment additional to that already 
installed. It is recognized that this process requires considerable 
labour and sometimes fails to yield an entirely satisfactory product. 
100 gallons of oil are progressively cooled with slow^ stirring, in one of the 
tanks which contains a cooling coil connected to a small refrigerating 
unit. The temperature is reduced to SO'^-SS^f. in about three days and 
is maintained at this level for several days longer. The oil is then 
centrifuged through a Sharpies supercentrifuge which is fitted between 
bowl and casing with a cooling coil, the coil being connected to the 
refrigerating unit already mentioned. This process results in the 
removal of about 15 per cent, of the oil as “ stearine It is of interest 
to record that the stearine so separated has a vitamin A content wdiich 
is usually slightly below^ that of the oil before treatment, and wdiich 
disappears rather rapidly when the stearine is exposed to the air at 
ordinary temperatures. 

After centrifuging the oil is cloudy, partly on account of its water 
content which ranges from 0.15 to 0.5 per cent. It is cleared by 
warming to HOT*, and centrifuging again. Final polishing with a Seitz 
type filter has recently been adopted (see Fig. 5). 

Rarii^ Materials, 

During the factory’s first year of operation much attention was 
perforce paid to the contacting of all yiossible sources for supply of livers, 
and to the organization of collection from these sources. During the 
next year great improvement? w^ere made in the methods of collection 
and a considerable measure of success attained in ensuring their arrival 
at the factory in a fresh state. 

In the beginning livers w^ere simply packed at the collecting depots 
into wooden boxes, and these, where possible, were frozen before despatch 
by rail or steamer to the factory. By the time they arrived there, 
most of the boxes were in a lamentable state, exuding blood and oil at 
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Fig. 5. — ^The overhead feed tanks for the centrifuges ; Seitz type 
filter press and refrigerating unit for destearinating. 

every seam ; and tlie “ ripeness of tlie livers eontiiined in them was 
a matter for very adverse comment by the various organisations handling 
the freight. And of course, as mentioned earlier, the quality of the 
resulting oils suffered. Apjiroximatcly seven hundred tinned st('el cans 
each capable of holding 100 lb. of liver, were tlierefore prepared, and 
distributed to the various depots. When these cans with their cemtents 
were frozen before de.spatch, the resulting low temperatures inside the 
cans continued to hold for some considerable time, and consequently 
the livers were received at the factory in good order. In consequence 
of this again, the re.sulting oils were of much better qualit}^, and only 
occasionally was it necessary to neutralize a batch of oil. Containers 
insulated with various materials (i.e., cork) were also tried out for con- 
veyance of the livers ; but it was found in practice that the small im- 
provement in the condition of the livers was by no means worth the 
loss of space and increased weight of containers involved. 

After institution of the container system, the main difficulty in the 
way of obtaining fresh livers was delay in inter-island shipping. So 
serious, in fact, did shipping holdups become, that in 1946 establishment 
of a subsidiary factoiy in the South Island was decided upon ; and in 
1947 a new factory was set up at Timaru to process without any un- 
necessary delay livers obtained in the South Island. The Timaru 
factory was equipped, after the style of the parent plant, with digestion 
pans and centrifuge, and is capable of handling one ton of livers per day. 
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Laboratory CoviroL 

During the preliminary investigational period and for several years 
of production, the vitamin A content of oils extracted in the Island Bay 
factory was determined by the Carr-Price method using a Lovibond 
tintometer. Conversion to international units was made by a scale of 
factors varying with the blue values (as reported in the previous article). 
It was presently apparent that although this method of estimating 
vitamin A agreed in the majority of cases fairly well with spectropho- 
tometric determinations made by overseas purchasers, yet there were 
occasional oils (especially some shark liver oils) in which agreement 
between the two methods was not satisfactory. From the commercial 
point of view spectrophotometric estimation of the vitamin A content 
of the oils became increasingly desirable as, to an increasing extent, 
fish liver oils were bought and sold throughout the world on a price 
basis calculated on their vitamin A value spectrophotometrically de- 
termined. (Since pure vitamin Dg was obtainable easily and at a low 
cost, the amount of vitamin D in fish liver oils was generally not taken 
into consideration by prospective buyers.) 

It was therefore decided to adopt spectrophotometric methods 
for routine determination of vitamin A. Since, however, it was con- 
sidered that use of aji ultraviolet spectrograj)h with photographic com- 
parison of density would be too inconvenient for routine work, a photo- 
electric instrument, the ( oleman Universal Spectrophotometer, Model 
11, was obtained. This instrument, however, proved quite unsuitable 
for our purpose. In our experience the band width (SSixifi) made direct 
absorption measurements in the ultraviolet unsatisfactory, and at- 
tempts to use the instrument to measure the Carr-Price reaction also 
failed, both because of the band width and also because of the rapid 
fading of the blue colour under the intensit}^ of light provided. Some 
workers (3) claim that by reducing the intensity of the exciter lamp to 
less than 10 per cent, of full brilliance satisfactory measurements can be 
made of the Carr-Price reaction on the Coleman instrument, but on 
this point we have no information. Stearch of the rapidly accumulating 
literature on absorption spectrophotometry showed that the only 
available ]>hotoelectric instrument combining the essential charac- 
teristics of narrow slit, low intensity of illumination and high spectral 
purity, was the Beckman quartz spectrophotometer (4). This instru- 
ment was therefore decided upon. 

The Beckman sp)ectroi)hotometer has proved entirely satisfactory for 
measurement of the ultraviolet absorption spectra of fish liver oils. 
By its use optical density at any given wavelength can be conveniently 
and rapidly determined while reproducibility is of the order of ± 0.3 
per cent. In point of fact it is foimd that the instrument, without the 
ultraviolet accessories, is capable of performance beyond the lower limit 
of wavelength ,s|>ecified by its makers, as measurements can be made 
with reasonable accuracy at wavelengths down to 300 m/i (20mft below 
the specified limit). 

For routine purposes it is our custom to determine E J on 

the whole oil at wavelengths of 300, 328, 3S0 m/i. From E j ^^328 

by multiplying by the accepted conversion factor of 1,600 the vitamin 
A potency of the oil is calculated in International Units per gramme. 



222 


The N.Z. Journal of Science and Technology (Jan. 


To calculate the vitamin A content in U.S.P. units it has been cus- 
tomary to multiply the E J 328 ^ m/i 2,000, but recently 

the U.S.P. Committee of Revision has announced the adoption of a new 
reference standard for vitamin A, and has established a conversion 
factor of 1,894 (5). 


Determination of the absorption spectrum of the whole oil is, natural- 
ly, a measure of the vitamin A content of the oil only when there is no 
appreciable absor|)tion by components of the oil other than vitamin 
A. It is desirable therefore to consider whether such components are 
in fact present in appreciable amounts in tlie sample being examined. 
It is important first of all to consider oxidised vitamin A. Information 
as to the presence of oxidised vitamin A is derived from the " extinction 

ratios E j / L j 328 ^ 1 cm. 350 m,* / 

^ 1 cm^ ^8 m/i especially the former. Below 328 m/* oxidation of 

vitamin A swings the absorption curve upwards, and the effect is clearly 
shown if the extinction ratio E 300 m/i/E 328 m/x is compared with 
that for pure vitamin A. The presence of oxidised vitamin A is less 
clearly shown on the curve above 328 m/M but the E 350 m/x/E 328 m/x 
ratio is also taken to show any deviation from the normal. Extinction 
ratios were first used in this way by Oser et aL (6) and the idea was 
applied by the U.S. War Food Administration in specifying limits for 
oxidised vitamin A in acceptable vitamin A containing oil ” (7). 
The limits specified were, for E 300 m/x/E 328 m/it not more than 0,73 
and for E 350 m/x/E 328 m/x not more than 0 . 65. For crystalline vitamin 
A acetate Morton's figure is, for each of these ratios, 0.57. In our own 
experience oils carefully prepared from fresh livers have E 300 m/x/ 
E 328 m/x ratios varying from 0.62-0.70, shark liver oils tending to give 
higher figures than ling or groper. By determination therefore of the 
three extinctions at 300, 328 and 350 m/x, we are able to estimate the 
amount of vitamin A in a sami>le of liver oil, and in addition to judge 
the extent of oxidation of the vitamin A pre.sent in the sample. 


More precise estimation of the total irrelevant absorption can be made 
using the correction procedure of Morton and Stubbs (8). These authors 
postulate that in the ultraviolet absorption curve of fish liver oil, ab- 
sorption due to substances other than vitamin A may be as.sumed to be 
linear over short intervals of the spectrum. Further, since the absorption 
curve of pure vitamin A is known, the ratios of extinctions at siiy given 
wavelengths to extinction at the maximum for pure vitamin A are also 
known, Morton ahd Stubbs therefore select for extinction measurements 
on the whole oil two points, one on cither side of the maximum, and a 
short distance apart ; correction could be made for irrelevant absori^tion 
using any two wavelengths, but in practice the calculation is simplified 
by using two at which for pure vitamin A extinctions are equal. The 
wavelengths selected are 313 and 338.5 m/x, the ratios E 313 m/x/E 
328 m/x and E 338.5 m/x/E 328 m/x being equal and having a value of 
0.858, The correction for irrelevant absorption is then a matter of 
algebra, and reduces in round figures to : E 328 m/x corrected « 
7 E 328 m/x gross — 3 E 313 m/x gross — 4 E 338.5 m/x gross (9). To 

convert the corrected E J ^8 *m/x international units per g, 

.Morton suggests the factor 1,760. 
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An example will illustrate the application of Morton's correction 
for irrelevant abs(^rption, 

E 1 determined on a sample of shark liver oil was : 

1 cm. ^ 

at ^300 in/A 4.66 

at313m/i 6.31 

at328m/x 7.13 

at 338.5 m/x 6.18 

E ! corrected for irrelevant absorption then becomes : 

1 cm. m/x ^ 

7 X 7.13 - 3 X 6.31 ^ 4 X 6.18 = 6.26 

From the uncorrected value of K ! X L6(X) the vitamin A 

1 cm. oM m/x 

potency of the oil is calculated as 11,400 i.u. per g.; while from the cor- 
rected figure X 1,760 the potency of the oil is calculated as 11,000 
i.u. per g., 4 per cent, of the apiparent potency being due to irrelevant 
absorption. 

This correction is typical for shark liver oils. It will be noted that 
the E IXK)/E 328 ratio is 0.65, which in our experience is also usual for 
shark oils. 

Experience enables us to record for various oils vitamin A values 
outside the range given in our previous communication. Thus values 
for shark liver oils have ranged from 2.000 to 133,000 i.u. per g., for ling 
liver oil from 5,(K)0 to 27, (KK) i.u. per g., and for groper liver oil from 
25,0(X) to 250,000 i.u, per g. 

It has not been feasible, with the facilities available, to establish data 
for .s(‘a.sonal or other variation in liver oils. vSome correlation does, 
however, seem to exist between vitamin A potency and locality. In the 
case of groper, the average vitamin A potency over a period of one year 
was 94,000 i.u. per g. for (>)ok St. livers., and 58,000 i.u. j)er g. for livers 
collected on the East Coast of the South Island. As to seasonal potency, 
it is not possible to say more than that the trend seems to be towards 
lower potencies in June, July and August, higher values being obtained 
in March and April. However, high potency oils do occur at all times 
throughout the year. 

For ling liver oil it is onl}' possible to say that in general Cook St. 
liver oils arc again of higher potency than oils from fish caught on the East 
coast of Soutli Island. The usual figure for South Island ling is 5,000 
to 10,0(K) i.u. per g., while from Cook St. ling batches of oil 18,000 i.u. 
per g. and over are common. From reports in literature dealing with 
fish liver oils it would appear that individual variations occurring in 
members of one .species may themselves be very great. To quote from 
data from Pacific Coast shark fisheries (10); in the species Sphyma 
tudes, the hammerhead shark, livers from adult females gave oil of 
33,500 to 340,000 U.S.P. units per g., from adult males 58,000 to 87,000 
U.S.P. units per g., while oil from livers of sub-adult males varied from 
18.875 to 112.000 U.S.P. units per g. With such individual variation 
it is obvious that possible seasonal changes in vitamin A content can 
only be followed by statistical examination of large numbers of analyses 
done on single livers and not on batches of oil produced under factory 
conditions. 

Some vitamin D values have been biologically determined, these as 
a rule approximating figures previously published by us (1). However, 
preliminary experiments carried out on groper oils of very high vitamin 
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A potency (250,000 i.u. per g.) lead us to anticipate that the vitamin D 
value of these oils is also veiy^ high. It is hoped to publish a note on these 
oils presently. It is of interest to note that oil from the liver of Poly- 
prion americanus, a species allied to the New Zealand groper, Polyprion 
oxygeneios, and thought to be identical with the New Zealand bass, is 
reported from S. Africa (11) as having a vitamin A content of 60,000 
to 665,0(X) i.u, per g., and yet a vitamin I) content of only 700 to 1,300 
i.u. per g., less than half the vitamin D value of New Zealand groper 
liver oil. 
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THE ECONOMIC STATUS OF METOPONIA RUBRICEPS 

MACQUART 

By L. J. Dumbleton, Entomology Division, Department of . 

Scientific and Industrial Research 

(Received for publication, 7th September, 1048) 

Summary 

The literature on this fly, which is considered in Australia to be a minor 
pest of sugar cane, is reviewed. An attempt to dcmon.strate its influence on 
pasture in New Zealand was unsuccessful but larval populations of up to 500 
per sq. ft. were reconled in the soil in paspalum-ryegrass-white clover pa.stures. 
Seveie damage caused by the larvae of this insect has been observed in autumn 
sown oats. Pre-treatment with soil fumigants and insecticides of plots in an 
infested field which. was later sown in maize, produced differences in growth 
which correlated well with the reduction in insect numbers in the different 
plots. Grain yields from the plots showed the same tendency but just failed 
to reach significance. Early ploughing and working of infested land which 
is to be sown in maize was shown to reduce the larval population very marked- 
ly and is at present the only practicable method of control on maize areas. 
Observations on other crops confirm that the first crop of maize after breaking 
up of heavily infested pasture may be a partial or complete failure. 

The occumnee of the Australian Stratiomyid fly Metoponia rubriceps 
Macquart in the Opotiki area was recorded by Muggeridge (5) in 19^. 
It is now known to occur within an area of about seven rhiles radius from 
the towndiip of Opotiki. Large populations of the larvae of the fly 
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exist in the soil, and these are reported to be the cause of premature 
deterioration of pastures and of the failure of maize crops, more especial- 
ly the first crop after grass. A more clear-cut demonstration of the 
causal relationship of the insect to the damage reported was desirable 
and the work reported here was directed toward that end and not 
primarily towards the development of control measures. 

Review of Literature 

The Stratiomyid flies as a group are in the majority of cases reported 
to have saprophagous larvae which feed on materials such as dead 
plant tissues. In the case of Meioponia rubriceps however, Irwin- 
Smith (3) had reported that the larvae feed on living tissues. The 
related species Meioponia prisca is stated by Evans (2) to be common 
under raspberry plants in Tasmania but is said to do no damage. 

Meioponia rubriceps was first recorded as a pest by Jarvis (4) in 
1925 following complaints that it was causing damage to sugar cane 
near Mackay in Queensland. Large numbers of larvae were reported 
to be adhering to the roots of stools that had failed to ratoon. The 
adult insects were flying at the end of May. In the following year 
Mungorncry (6) rei)orted adults flying and pupae present in the soil at 
the end of June. He records damage to sugar cane roots and mentions 
that larvae were found on the roots of blady grass, paspalum and couch 
grass. In one case of damage to cane it was found that the damaged 
area coincided with that which had previously been occupied by a 
patch of blady -grass. 

Bell (1) in 1^14 reported il/. rubriceps to be more abundant than 
it had been for eight years. This was thought to be due to wet weather 
in winter and spring. He recommended ploughing when the insect 
was in the pre-pupal and pupal stages and the maintenance of a dry 
surface mulch after the adults had emerged. A communication received 
from the Director, Bureau of Sugar Experiment Stations, Queensland 
Department of Agriculture, states that the insect is regarded as a minor 
pest of sugar canc and has at infrequent intervals caused serious damage 
in a few localised areas. It is not known to cause any serious damage 
to pastures in the Bundaberg and Mackay districts where observations 
have been made on the pest. The adult flies emerge in May or June 
and the cane is planted in July and August, The control measures 
recommended are ploughing the fallow fields in April or May, in order 
to bury deeply the pupae whicli are present then, followed by light har- 
rowings after the flies emerge in order to expose the eggs to desiccation. 

The Queensland areas mentioned above have the rainfall maximum 
in summer and a relatively dry winter which would tend to increase 
the effectiveness of the cultural measures recommended for the control 
of M. rubriceps. 

Life History 

Irwin-Smith’s (3) investigations on this insect at Sydney reveal 
that there are two flight periods for the adult insect. Adults emerged 
from 11th October to early December from larvae collected in May 
and August. Adults also emerged on 4th April from larvae collected 
in early November. In the field, adults were present from early April 
to mid-May when they were scarce. The information from Queensland 
given above indicates that in that State the flight period occurs later 
(May and June), ggg laying commences within a day or two after 
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emergence. The opaque white eggs are elongate oval in shape about 
0.8 mm, long by 0.2 mm. wide. They are deposited at shallow depths 
in the soil and hatch in two to three weeks. The first stage larvae 
are about 1 mm. in length and the fourth or final stage larvae are up 
to 11.0 mm. long. Pupation occurs inside the larval skin and the 
pupae are therefore not readily distinguished from fully-fed larvae. 
The pupae tend to occur just below the soil surface. The pupal stage 
is said to last at least 18 days. Small larvae are present throughout 
the year and while there is no definite evidence as to the length of the 
larval period it seems likely that it must occupy at least .six months 
and probably twelve months. It is not known whether there are two 
races of the insect, with larval periods of equal length, one emerging 
in spring and the other in autumn or whether, as seems likely, the main 
emergence is in autumn and those which emerge in spring are delayed 
individuals which should have emerged in the previous autumn. 

In the Opotiki area the seasonal history appears to be very similar 
to that given for Sydney. The adults are flying in late March and 
during April. One case of spring emergence has been observed, the 
fly emerging in late November. 

Field Investigations on M. Ruhticeps in New Zealand 

An attempt was made to eliminate the larvae from a heavily infested 
pasture in order to compare the growth of pasture in infested and unin- 
fested soil. The experimental area was a paspalum pasture 15 years 
old which had been hayed annually for many years and was badly 
deteriorated. It consisted of paspalum, white clover, weeds and poor 
grass and a little ryegrass. 

Preliminary sampling of the plot gave a mean larval population 
per sample of 31.6 ^ surface area of the sample was i'?sq. ft. 

and the mean is based on 10 samples. 

The plot was 5 yd. by 4 yd. and was treated on 31st July, 1947, 
with the following emulsion which was poured on to the soil surface : — 
dichloroethylether 250 ml. 

emulsifier 25 ml. 

water 25 gaJ. 

Ten samples taken from the plot on 10/9/47 gave a mean larval 
population per sample of 44.3 ± 7*3. 

As the treatment evidently had no effect in significantly reducing 
the larval population the plot was divided into two halves, one being 
treated with chloropicrin and the other with Shell D.D. on 20th October, 
1947. The dosage for both materials was 2 ml. per injection, the in- 
jections being made 10 in. apart to a depth of 6 in. These plots were ex- 
amined on 21st November, 1947, when the pasture was found to have 
been severely affected by the treatment though there was still a large 
living population of larvae. It seems likely that the difficulty of sealing 
the injection holes in compacted sod-bound turf was responsible for 
the poor penetration and kill by the fumigants. 

As a Pest of Oats 

The. failure of autumn sown oats, presumably due to damage by 
M. rubriceps, has been reported to occur in the Opotiki district and 
some details are presented here of an instance of ishch damage which 
is without doubt attributable to M, nfbriceps. 
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The pasture, whicli had been down for 5 years, was sown with good 
seed but the ryegrass faded out. It was ploughed out of grass in March, 
1947, and sowed down in oats in April. The growth of the oats was 
very poor in at least half of the paddock and according to the owner the 
distribution of the areas of poor oat growth appeared to be correlated 
with the composition of the pasture previously on those areas. Ex- 
ploratory sampling of the soil on 31st July, 1947, revealed a moderately 
high population of larvae of Af. rubriceps but not nearly as high as in the 
pasture mentioned in the previous section. 

The following means are each based on five samples and represent 
the larval population in an area of square foot : — 

(a) In an area of poor oat grow'th = 18.2 ± 2.3 

(b) In an area of poor oat growth = 12.8 ± 3.5 

(c) In an area of tall dense oat growth = 3.4 ± 1 .2 

(d) Samples taken over remaining oat plants in 

a bare area = 27.2 ± 4.3 

There are .significant differences between (a) and (c), and (c) and 
fd). There was thus a large population of larvae in areas of poor oat 
growth with a marked concentration r)f larvae round surviving plants, 
and a low population of larvae in areas of good oat grow^th. A further 
10 samples taken in area (a) on 20th October, 1947, gave a mean larval 
population of 18.1 ± 4.9. 

As A Pest of Maize 

The field of oats mentioned in the previous section w^as due to be 
sown down in maize in the spring and it w^as arranged, in order to test 
the possible influence of time of cultivation on the level of insect infes- 
tation, that one half of the paddock should be ploughed and w'orked as 
early as possible and the other half left until just before sowing the 
maize. The first half w'as ploughed on 1st August. The subsequent 
treatment consisted of rolling, double discing and harrowing on 14th 
and 15th Augu.st, and the same operations on 17th and 18th Se])tember, 
cross discing on 21st October and harrowing on 25th October. The 
second half was not ploughed until 20th October and the subsequent 
treatment consisted of rolling discing and cro.ss discing on 21st October 
and harrowing on 25th October. 

On each half of the field an experiment was laid out consisting of three 
randomised blocks each containing the following treatments: — 

(1) Control - no treatment. 

(2) D.D.T. (2 per cent p.p.i.) dust 1\ lb. per half chain of row worked 

in to 3 in. depth over a strip 12 in. wide. 

(3) Chloropicrin, 2 ml. per injection at 10 in. intervals over the 

whole plot. 

(4) Shell D.D., 2 ml. per injection at 10 in. intervals over the w^hole 

plot. 

The experiments were located in a part of the field which was pre- 
sumed to have a relatively even infestation as far as could be judged by 
the condition of tlie oat crop. 

The treatments were applied between 19th and 21st October, the 
maize was sowTd on 29th October and germination was complete by 
9th Novemb<;r. Each plot was 33 ft. x 9 ft. and contained 3 rows of 
maize. The experimental area was on easy sloping country with an 
Easterly aspect and on light pumiceous soil. 
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Results 

On 20th November when the plants were in the 4 or 5 leaf stage and 
about 6 in. high the maize growth on the “ early ploughed ’’ half was 
visibly better than that on the late ploughed half. There was no 
apparent difference in the growth on the different plots nor was there 
any difference in the strike and establishment on the two halves of 
the field. The plants in the centre row of each plot were thinned out to 
approximately 12 in. spacing between plants. 

By 15th December considerable differences were evident between 
the growth on different plots on the “ late ploughed ” half while the 
growth on the “ early ploughed ” half was much better than that on the 
“ late ploughed half. The growth of the maize on the different plots 
was graded or scored, on a 0-10 basis, by Mr. Marryatt at this time and 
also on 5th January. The treatment means for the growth grading on 


5th January were : — 

Late Ploughed Control 2.6 

„ D.D.T. 4.0 

Shell D.D. 7.0 

„ „ Chloropicrin 8.0 

Early Ploughed Control 6.6 


In early January the height of plants on the chloropicrin and Shell 
D.D. plots was 18 in. to 24 in. greater than that on the control plots. 
The differences in height which were noticeable in Jiinuary tended 
to disappear in February. Between 11th and 13th January the plots 
were sampled for larval population, ten samples being taken from each 
plot, 5 from each outside row. Each sample consisted of a core 6 in. 
deep and sq. ft. area taken over and around a maize plant. As there 
were no apparent differences between the growth on different plots 
in the early ploughed half these plots, with the exception of the controls, 
were not sampled. 

The results of the counts of larval populations are given in Table I. 


Table 1. M, rubriceps on Maize— Mean Number of Larvae per Plant 



Late Ploughed. 


Early 

Ploughed. 

Control. 

Control. 

D.I).T. 

Shell D.D. 

Chloropicrin. 

Plot Means 

33.3 

14.3 

10.4 

4.9 

6.0 


45.5 

21.2 

13,1 

13.0 

4.7 


33.6 

14.7 

16.0 

9.9 

3.0 

Treatment 






Means 

37.46 

16.7.S 

13.16 

9.26 

4.56 


The data were subjected to an analysis of variance after transfor- 
mation to the square root scale. The difference between the controls 
in the two experiments is highly significant. Within the ‘‘ late ploug- 
hed ” experiment all treatments are significantly better than the control. 
The chloropicrin treatment was significantly better than the D.D.T. but 
there are no other significant differences between the treatments. 

The mai/(‘ was plucked in early June and shelled and weighed on 
20th July. As the actual seed weights were not frorti the same number 
of plants in each plot the weights were corrected to give, in each case. 
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the seed weight per 100 plants. The variation in numbers of plants per 
plot was not ascribable to insect damage since there was no evidence 
of loss of seeds during germination or of plants after germination and 
in any case the plants had been thinned out after germination. The 
corrected seed yields are given in 1'able II. 

Table II. M. fubricep*: on Maize —Seed Weights (lb.) per 100 Plants 


Plot Means 


'JTeatnient 

Means 


Late Ploughed. 


Early 
Ploughed . 
Control. 

Control. 1 

D.n.T. ! 

! 

Shell D.D. 

Chloropicrin. 

40.0 i 

36.8 1 

34.8 

J. 

32.9 ' 

39.4 

41.6 ! 

34.1 

44.2 

48.7 

50.0 

41.8 

1 42.5 

1 

40.8 

42.0 

40.3 

37.2 j 


1 

4,=>.3 

1 

44. « 

41.0 


An analysis of variance was performed but the tests disclose that 
the difference between the control treatments in the two experiments 
is non-significant, h'or comparisons of treatments in the Late Ploug- 
hed '* ex])eriment the variance was partitioned out and the difference 
recpiired for significance on the 5 per cent, level is found to be 8.5 lb. 
There arc* therefore* no signific ant difTc*rences between treatments in the 
late ploughed ” experiment though the differences between the Shell 
I). I), and control and between chloropicrin and control approacli signi- 
ficance. 

Discussion 

Effect of M, rubriceps on Maize, 

There w'as on the experimental area no significant population of an^' 
injurious soil inhabiting insect other than M. rubriceps. .\n 3 " dif- 
ferences in plant growth anjd seed yield as a result of the treatments 
is therefore due to the effect of the treatment on the M. rubriceps larvae 
or possibly to a partial sterilization effect of the treatments on the 
non insect soil fauna. In the “ early jiloughed " experiment, in w'hich 
the larval population w’as low', the grow^th differences between treat- 
ments were not perceptible. There appeared to be no difference in 
height growdh betwxen the “ early ploughed '' control plots w^here the 
low larval population was ascribable to cultivation, and the “ late 
ploughed chloropicrin plots wliere the low' larval population was as- 
cribable to the fumigant. There is then no evidence for the existence 
of a partial sterilization effect and the growth gradings correlate well 
with the larval populations in the “ late ploughed experiment. Reduc- 
tion of the larval populaticm of M. rubriceps produced appreciably 
better growth in the maize plants. The most effective treatments 
produced increases in seed yield but these failed to reach significance. 
It is probable how'cver that larger plots and greater replication would 
have demonstrated significant seed jdeld reductions due to M, rubriceps 
even on this area where the insect infestation could probably be described 
as medium. There was, for example, no evidence of gross stunting 
and actual mortality of plants such as was seen on other areas. A 
nearby crop which was examined in early January when the maize plants 
on the experimental area were three to four feet high, showed many 
blanks and perhaps 50 per cent, of the remaining plants only 6 in. high 
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and some of them dying. These plants had large numbers of M. rub- 
riceps larvae crowded eound the main roots. The stunting of growth 
ascribable to a medium infestation of M, riibriceps became most apparent 
about the third and fourth weeks after germination. It is during this 
period that the secondary or adventitious roots are developing from nodes 
on the stem about 1 in. below ground level and normally the period of 
maximum growth of the plant coincides with the development of these 
roots. It seems likely that the damage done by Af, rubriceps larvae is 
mainly to these roots or to the nodes which produce them. In a heavy 
infestation the damage may be so severe that these roots are not pro- 
duced or cannot function adequately and the plant is arrested in growth 
if not actually killed. 

Effect of Time of CtdUvaiion on M. rubriceps. 

The direct evidence on this point is to be found in Table I where 
a comparison of the larval populations on the control plants in the 
“ early ploughed and “ late ploughed experiments shows that the 
reduction in population in the early ploughed experiment is highly 
significant. The treatment of these two sets of control plots differed 
only in the time at which they received cultivation and the amount of 
cultivation received. Tliere is no evidence which would enable one to 
decide how much of this reduction is due to mechanical injury to the 
larvae during cultivation, to expo.sure to desiccation and to the virtual 
absence of living food plants. It may well be that the la.st factor is 
the important one. 

Effect of Time of Cultivation on Grouih and Yield of Maize. 

As early as ten days after germination the growth of the maize 
plants on the “ early ploughed half of the field was visibly better 
than that in the “ late ploughed ” half. There was no obvious dif- 
ference in the rate of seeding or the germination rate on the two halves 
and the obviously better condition of the early ploughed half was ap- 
parently due to more vigorous growth of the plants. Several factors 
could enter into this result. One is the significantly reduced larval 
population of M. rubriceps. There is however a i)ossible effect due 
perhaps to better moisture retentivity, better consolidation and better 
.seed bed conditions in the early ploughed " half and it is not possible 
to say what part of the effect is due to the soil factors as o])poscd to 
the insect factors. In the experiments the differences in seed yields 
(Table II) between the controls in the two experiments unfortunately 
did not reach statistical significance. The owner of the field, in the 
course of plucking the crop, estimated that the early ploughed half 
had a 20 per cent, better yield than the “ late ploughed half. 

A survey of about 30 maize crops in the area infested with M. rubric 
ceps was made by Mr. E. R. Marryatt of the Agriculture Department 
in January, 1947, with particular reference to the condition of the crop 
in relation to larval population, previous history of the field and time 
of cultivation. The results lend general .support to the belief that 
insect damage is very much reduced on land ploughed at least three 
months before sowing. Variations in soil type, and in the amount and 
frequency of cultivation .subsequent to ploughing, probably make it 
difficult to obtain a clear cut comparison of the effects of early and late 
ploughing. 

Control Measures 

The Queensland recommendations are for plougtiing when the pre- . 
pupae and })upae are present. Under New Zealand conditions this 
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would be during March. It is a common practice in the Opotiki area to 
plough out the pasture in March and to sow green feed oats in April. 
Several cases have been observed where such oat crops have failed owing 
to damage by M. rubriceps and it is apparent that the normal routine 
of cultivation while it may reduce the larval population, may not reduce 
it sufficiently to prevent serious damage. It is not known what per- 
centage of the larvae attacking the oat crop consists of survivors from 
those existing in the pasture previously and what percentage, if any, is 
due to egg laying by the flies after the field is brokim out of pasture 
and cultivated. It is known that old pastures may have a larval popu- 
lation of up to 500 larvae per sq. ft. In the field in which the experi- 
ments were located, the larval population after sowing the oats was still 
of the order of 200 per sq. ft. and this was high enough to visibly affect 
the growth of the maize. The initial population wlien this field was 
in pasture is not known. 

As to the recommendatiem for frequent harrowing and the main- 
tenance of a dry surface mulch during the egg laying period, this would 
require to be done in April and might make it im])ossibIe to sow the 
oat croj) early enough to ensure a satisfactory yield. The Australian 
recommendations are for an area which has its lowest rainfall during 
the winter months, whereas the Opotiki area has its rainfall maxima 
in autumn and spring. It seems doubtful whether the mechanical 
and desiccating effect of cultivation over a short period in autumn would 
have much effect on the larvae. Where the pasture is heavily infested 
and it is known that an oat crop is liable to be a failure it may be ad- 
visable, when it is intended to sow maize in the spring, to plough out 
of grass in March as usual but to leave the area as a bare fallow over 
winter employing frequent cultivation to eliminate weed growth. An 
oat crop sown after grass should be ploughed in as early as possible, 
preferably by the beginning of August and the area kept free from 
volunteer growth and weeds until it is sown. The frequent working 
which is necessary will probably be more practicable on the light soils 
of the undulating hill country than on the heavier .soil of the flats. 

Conclusions 

(1) Iwidence is pre.sentcd to show that severe stunting of oats and 
maize can be caused by the large populations of M, rubriceps 
larvae which may be expected to be present when old jiasture is 
broken out of grass at Ojiotiki. 

(2) The use of the soil insecticides or soil fumigants which were used 
to reduce the larval population on the experimental plots would 
not be practicable as a control measure on maize crops because 
of their high cost. 

(3) The larval infestation was significantly reduced and the growth 
of maize was improved by ploughing and working the field three 
months before sowing the maize. 
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BEHAVIOUR OF SULPHUR DIOXIDE IN DEHYDRATED 

VEGETABLES 

By J. L. Mangan and B. W. Doak, Plant Chemistry Laboratory, 
Department of Scientific and Industrial Research, Palmerston North 

{Received for publication, 21st February, 194H) 


Summary 

(1) The Monier-Williams method for determining the sulphur dioxide 
content of dehydrated foods is not s))ecific, and there is evidence that the 
iodometric method using formaldehyde gives more correct values. 

(2) Warm storage experiments showed that sulphur dioxide is lost 
from dehydrated vegetables by two processes (a) by direct oxidation to 
sulphate and (b) by an unidentified reaction which does not require the 
presence of oxygen, and which accounts for the greater part of the loss 
of sulphur dioxide. 

(3) This second process is not an auto-oxidation involving inorganic 
intermediates. 


Introduction 

In the determination of sulphur dioxide in dehydrated foods it has been 
f ound^ that in general the Monier-Williains distillation method ( 1 ) and 
the direct iodometric titration method of Reifer and Mangan (2) show 
gGod agreement. However, in the case of warm ' stored sampled of 
dehydrated vegetables considerable discrepancies have been observed, 
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and in this paper these differences have been investigated not only for 
the purpose of determining the specificity of each method, but also to 
elucidate as far as possible the mechanism of the disappearance of 
sulphur dioxide and the final products of the reaction. The direct 
titration method makes use of the reaction between sulphur dioxide 
and formaldehyde forming a stable hydroxy-sulphonic acid which is not 
oxidised by iodine, and would thus api)ear to be more specific than the 
Monier- Williams method which measures the acid form(‘d by distilling 
the sulphur dioxide, and possibly other volatile compounds, into hydro- 
gen peroxide. 

A brief investigation of the Monier-Williams method showed that 
compounds other than .sulphite give appreciable titration figures. Thus 
tetrathionate, thiosulphate, dithionate and thiourea were found to give 
“ sulphur dioxide figures varying from a trace in the case of thiourea 
to large amounts from thiosulphate and dithionate. Dithionate, a common 
product of the oxidation of sulphite, although very .stable in its chemical 
properties, yielded almost 90 per cent, of the theoretical sulphur dioxide 
in the usual Monier-Williams procedure, and in later work (3) this 
was made use of in the accurate determination of small amounts of 
dithionate. Hydrogen sulphide, cystine and a few other organic sulphur 
compounds were found to give negative results, although Monier- 
Williains (1) gave figures which showed that volatile organic compounds 
such as the mustard oils could produce rather small amounts of sulphuric 
acid in the hydrogen peroxide. None of the above compounds gave a 
figure by the direct titration method. 

A recent paper (4) on the Monier-Williams method descril)es im- 
provements involving the use of nitrogen in place of carbon dioxide, 
arid titration of the acid formed in the peroxide using a glass electrode 
to determine the end point. In the official A.O.A.C. method the end 
point is not particularly sharp, but experience in this laboratory over 
several years has shown that the method gives very consistent results. 
A number of determinations comparing the use of carbon dioxide and 
nitrogen with bromphenol blue and with a glass electrode/calorael 
electrode assembly to determine the end point is shown in Table I. For 
normal accuracy the A.O.A.C. method compares well with the modified 
method, and in view of its simplicity the A.O.A.C. method was used 
throughout the present investigation. 

'Table 1. Modifications of Monier-Wiluams Method 


Sample. 

COjj/Bromphenol 
blue to pH 4.5. 

CO^/Glass elec- 
trode to pH 4.5. 

Na/Hrom 
blue to pi 

phenol 

H 4.5. 

N 2 /Glass elec- 
trode to pH 6.0. 

Dehydrated 

Carrot 

644 p.p.m. 
«48 

669 

684 p.p m. 
648 „ 

688 p.p.m. 
684 „ 

703 .. 

665 p.p.m. 
700 

Dehydrated 


1.490 .. 

1,537 


1.418 

Cabbage 


1,400 

1,490 

.» 

1,499 m ^ 

Dehydrated 

22,7S» 

22.750 .. 

22,900 

it 

^ 22,750 

CalA>age 

22,756 „ 

22.925 „ 

23,100 
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The potentiometric titration curves showed that the buffering effect 
of the carbon dioxide dissolved in the peroxide is apparent only above 
pH 5, and thus does not affect the bromphenol blue end point. Although 
compounds other than sulphite are measured in the Monier-Williams 
method, it has not been recorded in the literature that the method is 
untrustworthy in the case of dehydrated vegetables. 


Warm Storage of Dehydrated Cabbage 

In the warm storage of dehydrated cabbage containing over 1000 
p.p.m. of sulphur dioxide, differences were observed (2) in figures 
obtained by the Monier-Williams and the direct titration method, Tn 
samples containing up to 2000 p.p.m., however, the differences were Ux) 
small for detailed investigation; a batch of cabbage was, therefore, 
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dehydrated after heavy sulphite treatment, yielding a product with 
36,000 p.p.m. of sulphur dioxide. The whole sample w'as ground in a 
laboratory mill an<l the sulphur dioxide determined by the two methods. 
A control sample was then placed in the refrigerator and the remainder 
in a warm storage incubator at 37®c. The sample was kept in a sealed 
glass vessel containing abundant air. Sulphur dioxide was detennined 
periodically on the samples and the results are plotted in l-'ig. 1. 

It is seen that the sulphur dioxide content of the control sample, 
except for experimental errors, remained fairly constant throughout 
storage, and that the original small difference between the two metlKKls 
remained almost unchanged. In the warm storage sample the sulphur 
dioxide content fell rapitUy and at the same time the difference between 
the two methods increased, until at the end of 100 days the difference 
amountetl to 36 per cent, of the Monier-Williams figure. The sulphur 



dioxide content continued to fall, but the “ difference SOj ” after rrach- 
ing its maximum, rapidly decreased to approximately the original 
difference figure. TTie sulphur dioxide content by this time had fallen 
to a low figure, the curves had flattened out, and were gradually approach- 
ing zero. Fig. 2 shows the plot of “ difference SO* ” against time. It 
would appear from these results that a reaction is proceedinjg in which 
sulphur dioxide is forming a compound which can be determined by the 
Monier-Williams but not by the direct titration methotl, and that the 
concentration of this compound rises to a maximum and then decreases 
to zero. It is of interest to note that the sample showed its first dis- 
colouration approximately at peak of this curve, and gradually 
became brown despite the presence of about 10,000 p.p.ni. of sulphur 
dioxide. 


236 


The N.Z. Journal of Science and Technology (Jan^ 

Warm Storage in Different Atmospheres 

Heavily sulphited cabbage was prepared as for the previous experi- 
ment and stored under the following conditions : — 

(a) In high vacuum at 37°c. 

(b) In carbon dioxide at 37®c. 

(c) In air at 37^c. 

(d) In oxygen at 37®c 

With samples (a) and (b) care was taken to remove all oxygen. 
A control sample was placed in the refrigerator and storage carried out 
as before. Figs. 3 and 4 show the results. 

The sample was unfortunately very dry and the loss of sulphur 
dioxide correspondingly slow. After about 250 days, by which time 
sufficient information had been obtained, the storage was discontinued. 

The most important result was that samples stored in oxygen-free 
atmospheres, whether in carbon dioxide or in vacuum, lost sulphur 
dioxide almost as rapidly as those stored in pure oxygen. The differences 
between vacuum and carbon dioxide storage, and between air and pure 
oxygen, were not significant. In all four storage experiments the 
difference between Monier-Williams and direct titration figures increased 
as in the original experiments. It is thus apparent from these results 
that there are two processes by which sulphur dioxide is lost, one which 
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<lc>es not require the presence o/ free oxygen and which accounts for the 
greater part of the sulphur dioxide lost, and a second process which is 
due to the presence of oxygen and which probably involves a straight- 
forward oxidation of sulphite to sulphate. 

The “ anaerobic loss of sulphur dioxide proceeds at a rate some 
five or six times as fast as that due to direct oxidation, and although 
there is no indication of the nature of this loss, a number of auto-oxi(la- 
tions of sulphite have been recorded in the literature, usually however 
under more vigorous conditions (5, 6). The presence of dithionatcs, 
thiosulphates, etc. as intermediates in such an auto-oxidation would 
explain the diflPerences observed between the Monier-Williams and 
direct titration methods as shown in Fig. 2* * 

To investigate this further a meth^ of analysis was developed in 
which dithionate, polythionate, sulphate, thiosulphate, sulphite and sul- 
phide could be separated and determined on the one solution and in the 
presence of plant materials (3). The method dei)ends for separation on 
the solubilities of the lead salts and will be referred to as the lead 
separation ’* method, 

Anai.ysis for Products of Oxidation of Dtoxum 

Samples of dehydrated cabbage and of carrot, both with high sulphur 
dioxide contents, were kept in warm storage at 37® c. for 110 and 7S. 
days r^pectivdy, wi^ cSbintrol sam|4es in the refrigerator, ,On analysti^ 
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for sulphur dioxide by both methods, little change had occurred in the 
control which was then taken as equivalent to the original sample prior 
to storage. The warm storage sample and the control were then esti- 
mated for inorganic sulphur compounds by the lead separation method 
mentioned above. 

1 g. of the dehydrated vegetable was macerated with 100 ml. of boil- 
ing water, and after cooling the mixture was titrated to pH 8 with 
O.lN.NaOH using a glass electrode. This pH is sufficient to decompose 
any sugar-bisulphite compounds which may be present. Another 1 g. 
sample was then dropped into 1(X) ml. of boiling water containing 
glycerol to protect the sulphite from oxidation, and the required amount 
of sodium hydroxide. The flask was then immediately stoppered and 
placed under a running water tap. The resultant vigorous boiling dis- 
integrated the tissue, and extraction was completed by blending for 1 
minute in the Waring Blendor. The extract was made to 300 ml. with 
alcohol, filtered, and ^ ml. aliquots analysed by the lead method described 
above (3). Results are expressed in Table TI. 


Table II. 


Sample. 

Dithionate. 
g H2S20g/ 

100 g. 

Poly- j 

thionate. 

[Thiosulphate. I 
kH*S,03' ! 

1 100 R, 

i 1 

Sulphite. ! 
g.SOjlOOg. 1 

Sulphate. 

1 

Cabbage 



i 

1 


1 

Original 

Nil 

Nil 

1 0.39 

2.002 

1.714 

Warm 






Storage 

Nil 

Nil 

0.57 

0.048 

2.325 

C arrot 
Original 

0.137 

Nil 

0.013 

1.27 

0.87 

Warm 






Storage 

0.135 

1 

Nil 

0.014 

0.61 1 

1.14 


It is seen that apart from sulphite and sulphate, no appreciable change 
has occurred in the inorganic sulphur compounds, and also that the 
changes in these two do not correspond. Thus in the case of the cabbage 
sample the loss of sulphur dioxide corresponds to 0.978 g. sulphur/100 
g., while the gain as sulphate is only 0.199 g. sulphur/100 g. sample. 
%us only about one-fifth of the sulphur dioxide is oxidised to .sulphate, 
a figure which is in agreement with the results obtained from the storage 
experiments under aerobic and anaerobic conditions, and supports the 
proposal that two mechanisms are in operation for the loss of sulphur 
dioxide in dehydrated vegetables. Of 0.340 g. sulphur lost as sulphur 
dioxide from 100 g, of the carrot sample, only 0.088 g. appeared as 
sulphate. 

CoMPAKisoN OF Monier-Williams, Direct Titration and Lead 
Separation Methods for Sulphur Dioxide 

The lead separation method has also been used as an independent 
method for the comparison of the other two methods. A number ol 
analyses are given in Table III below, and to oveNitome any error whi<%’ 
might «H:cur in ;the lead melffiod due to extraction process, 
extra^ were also i»|ade and the three methods then applied. 
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Table III. Comparison of Methods 


Sample. 


Carrot 


Cabbage Extract 



Monier-Williams. 

Direct Titration. 

1 Lead Separation 


24.700 p.p.m. 

21,700 p.p.m. 

j 21,650 p.p.m. 

B 

30,300 

28.300 

1 27.000 „ 

C 

23,400 

19,900 

! 20.200 

A 

13,500 

13.4,50 

! 12,700 

B 

7,930 

I 6.700 .. 

i 6.020 

A 

1 7.700 

7,150 ,. 

1 7.210 „ 

B 

! 3.020 ,. 

2,500 

1 2,400 „ 

(' 

i 3,800 . 

3,580 „ 

! 3,460 „ 


It can be seen that the lead separation method agrees well with the 
direct titration method. The maximum variation from the lead separation 
method, expressed in iXTcentages of this figure, demonstrate this ten- 
dency. The Monier- Williams figures vary from + 31.6 per cent, to 
+ 6.3 per cent, whereas the direct titration figures for the same samples 
were within the limits + 5.9 |xt cent, to - 1.5 per cent. It should be 
noted that all the samples in Table III (except carrot A), were from 
warm storage, and there were appreciable differences between Monier- 
Williams and direct titration. A few brief trials showed that .sulphite 
even in the pre.sence of large t‘xcesses of ketones, glucose or fructose 
was completely precipitated in the lead method, provided that the pH 
was adjusted to 7.5-8 before the addition of lead acetate. I'ormaldehyde, 
acetaldehyde and benzaldehyde in large excess completely j)revented the 
precipitation of the sulphite. Thus the lead precipitation method, and 
hence the direct titration method, measures free sulphite and sulphur 
dioxide loosely bound as in the sugar-bisulphite compounds, and it is 
apparent that the Monier- Williams method is measuring sulphur dioxide 
generated from more stable compounds which probably serve no useful 
purpose in the preservation of the dehydrated vegetables. 

Disci's.sion 

The standard Monier- Williams method, although reliable for freshly 
dehydrated vegetables, can give erroneous results in stored samples. As 
this error is not overcome by modifications such as using nitrogen as the 
carrier gas and the glass electrode for titration, it would appear that 
fundamentally the method is not sufficiently specific. 

The storage exiK*rimcnts would indicate that, at least at elevated 
temperatures, the packing of dehydrated vegetables in carbon dioxide 
or nitrogen does not prevent the loss of sulphur dioxide. Although the 
connection between browning and sulphur dioxide content is not known 
exactly, it is safe to say that the more rapid the loss of sulphur dioxide, 
the earlier does browning occur. Hence a high moisture content and a 
warm storage temperature would probably outweigh the relatively small 
benefit derived from the removal of oxygen. 

The, cause of the loss of sulphur dioxide from dehydrated vegetables 
has not been found, but it has been shown that only a small portion of 
this loss is lue to direct oxidation, and that the remaining loss is not 
due to a scries of inorganic oxidation-reduction reactions* This would 
imply diat the sulphur dioxide is involved in organic reactions, and the 
most probable explanation would seem to be that hydroxy-sulphomc 
acids are formed by reaetkm between sulphite and aldehydk groups^ 
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and that oxidation-reduction reactions then occur forming stable sul- 
phonic acids without the necessity for the presence of free oxygen. 
Browning, which has been observed when large quantities of sulphur 
dioxide are still present, might be connected with such an oxidation- 
reduction reaction. 
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POST-GLACIAL CHRONOLOGY AND CLIMATE HISTORY 

Pollenanalytische, stratiRraphische and Geo-chronologische l^ntcrsuchungen 
aus dem Faulenseemoos bei Speiz, von Max Welten. VerSffcntlichungen 
dcs Geobotanischen Institutes Rtlbel in Zflrich 21 Heft. V^erlag Hans 
. Huber, Bern, 1944. 

Climate, land forms, soils, plant cover, animal population — the history of ^ any 
one of these reflects the influence of the others — climate history is of interest not 
only to the meteorologist, but also to the geologist, the t>edologist and the bio- 
logist. Inspired by progress in the elucidation of recent climate history in the 
northern hemisphere Speight in 1911 published some deductions, l>ased on plants 
and plant remains, concerning the post-glacial climate of Canterbury. Allan, in 
1926, obtained similar results from a study of the vegetation of Peel forest 
(Canterbury) and these conclusions were supported by the work of Cranwell and 
von Post on pollens from some Otago bogs — published in Sweden in 1936 and in 
the New Zealand Journal of Science and Technology in 1938 (Fossil Pollens by 
Lucy M. Cranwell). By this time it could be fairly confidently assumed that in 
New Zealand, as in the northern hemisphere, there had been a middle warmer 
period in the post-glacial climate history. Nothing was known, however, of the 
rate of growth of our peat bugs and from these, the most likely source of evidence 
on climate and vegetation development, there seemed little prospect of obtaining 
a very definite time scale. Moa bones had been found but no artifacts which could 
be dated by archaeologists as in the case of some northern deposits. And even 
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where other evidence could be found for the construction of a time scale there 
must inevitably be less opportunities for correlation and confirmation in the 
southern hemisphere, where land masses within the zone of pleistocene glaciation 
are so small and isolated, than in the north where the ice had advanced over 
continents. 

Our main hope of a time scale in New Zealand seems to depend on evidence 
of world-wide changes which would permit us to apply, at least as a working 
hypothesis, the chronology worked out in northern countries. A recent book by 
Zeuner (Dating the Past) gives a comprehensive but very concise discussion of 
the methods employed for extending a chronology backwards frcmi historical times 
— tree rings, varve analysis, stdar cycles, pollen analysis, radioactivity and the 
rates of biological evolution and of geological processes. Neither this book, nor 
the summary by von Post, in the “New Phytologist,” of recent vNork in pollen 
analysis, makes reference to some important work done in Switzerland during 
the war years and de.scribed by Welten in the publications of the Kiibel Institute 
of Ziirich. 

This author found a small lake in the Alpine Foreland of Switzerland where, 
from the time when it was uncovered by the melting ice of the last glaciation, 
deposits began to accumulate which shelved a distitict layering and which, owing 
to the undisturbed nature of the lake-bottom, were continued and \vell-j)reser\ed 
uj) to the time when the lake was artificially drained. During the summer growing 
season the organic sediments formed a dark-coloured layer which allernaled with 
the lighter-coloured mineral dei)osiis brought in hy seasonal Hooding. This distinct 
allernatioti of .sediments exhihilc<l a layering which >vas found to he of an annual 
character and, hy careful bamlling of the material, Welten was able to determine 
and compare the ahsoluie annual se<limentation and jKdlen deposition. The rale of 
sedimentation was in itself an index of year to year fluctuations in weather con- 
ditions while the pollen rain reflected changes in the surrounding \egetation over 
longer periods. It has been possible, therefore, not only to calculate the time lajtse 
in years but also to indicate changes in climate atid vegetation. 

The paper is some 200 pages in length. Of the seven chapters, the first con- 

tains the introduction and some remarks on method. There is a good discussion 
of .sources of error, particularly those which might arise from faulty .sampling 
technique, and of the appropriate sampling interval. The next two chapters deal 
with the p<»llen diagrams and stratigraphy of the post-glacial and latc-glacial 
res])ecti\ely. (’hai)ter 1\' is desoted to the problem of distinguishing the pollens 
of (liffereiu sjH'cies of Hrtula anil Pinus, and, in connection with these, to the 

species composition of the late icc-age forest of Lake Faulni. This author’s 

application of statistical method to the study of pollens of these two genera is 
of particular interest as his ideas may i»nne equally applicable to the pollens of 
the hocches and cc»nifers of the .south — in all probability to the former at least. 

Giapter V ((jeochronological investigations) and Vl (Sedimentation and bog 
stratigraphy), are likely to he of interest to geologists for the discussion of 
layering in the lake sediments and its preservation, the reciprocal fluctuations in 
the f)rof)ortions of diflFereut sediment types such as lake chalk and g>"ttja, latc- 
and post-glacial chronology, possible .sources of error in computing the number of 
years rei)resented, and finally, for the mathematical solution to the problem of 
relating a truncated scries to the Christian lime-reckoning. 

An important section of C'hapter VI is that dealing with the absolute annual 
j)ollen deposition and the absolute pollen diagram. The presentation of an absolute 
pollen diagram is a special feature of the work and it is doubtless the first to be 
published. 

The final chapter is in the nature of a resume, and a translation of this, 
prepared by the present writer (with the assistance of colleagues), is available for 
consultation. There arc thirty figures in the text, including a photograph showdng 
the annual layering, the pollen and sediment diagrams, a section of the lake 
deposit showing stratigraphy, and tables showing .sequences and time-scales based 
on lime reckoning in years B.C. and A.D, Succession of forest dominants, climate 
siicccssion and archaeological chronedogy are also covered. As the work is not 
generally accessible in New^ Zealand the photograph is here reproduced from a 
negative kindly^ lent by the author and a table, compiled by the review'cr, is 
appended showdng some correspondences with von Post’s post-glacial climate 
periods, as applied by him to Northern Europe and to New Zealand and writh the 
modified Blytt-Sernander scheme of current literature. 

W. F. HARRIS, 

Botany Division, D.S.I.R. 
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CLIMATE AND FOREST HISTORY IN LATE AND I>OST GLACIAL TIME 

Some Comparisons between the Schemes of Welten, von Post and Others 
(Compiled by the Reviewer) 


Time 
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LABORATORY BREEDING OF THE HOUSEFLY {MVSCA 

DOMESTICA L.) 

By R. A. Harrison, Plant Diseases Division, Department of 
Scientific and Industrial Research, Auckland 

{Received for publication, 1st April, 1948) 

Summary 

For breeding houseflies in large numl>er.s throughout the year the Peet- 
(irady method has been mwlified in several particulars. 

Chief of these are the use of a dual purpose feeding and oviposition tube, 
and a new method of obtaining pupae from the larval medium. 

By burying a petri dish, containing cotton w^ool half an inch below the 
medium surface before eggs are added, clean pupae are obtained quickly and 
without injury 

During the past two years houseflies (Musca domestica L.) have been 
bred in large numbers for use in testing insecticidal properties of D.D.T. 
The breeding technique originally followed was the Peet-Grady method 
published by Schwarez (1^3). Various modifications to the method 
have been made in this laboratory and these arc described in detail. 


„ ^ Equipment 

Breeding Room. 

This is an artificially lighted room maintained at a constant tem- 
perature of 27.8 "c. ± O.S^c. and a relative humidity of 53 per cent. 
± 2 per cent. 


Larval Breeding Jars. 

For this purpose one gallon '‘Duraglas ' .syrup jars, 6 in, in diameter 
and reduced to 6 in. in height are used. 



Fig. 1. — Adult fly cage with oviposition tube. 
Approx. X i. Photo: R. /. Hughes 
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Adult Cages, 

Adult flies are held in cages 12 x 12 x 12 in, built of 12 mesh gal- 
vanized wire gauze on a wooden framework with a sliding wooden 
floor. On one side is a small door and an aperture for insertion of 
feeding or oviposition tubes. (Fig. 1). 

Feeding and Oviposition T ubes. 

Feeding tubes used in cages containing flies for tests, were made 
from a design kindly supplied by the Brunswick Biological Laboratory 
of the Hercules Powder Company, United States of America. They 
consist of one inch diameter Pyrex test tubes with a feeding hole, ap- 
proximately one inch in diameter near the base (Fig. 2a). Cotton wool 
is placed in the feeding hole (Fig. 2b) and the tube filled with liquid food. 
The tube is stoppered with a cork through which there is a bent glass 
tube allowing free soakage of food through to the surface of the cotton 
wool. A 1 2 in. diameter cork holds the tube in the cage. 

Oviposition tulles are fitted in rages liolding .stocks (if breeding 
flies and used for the dual purpose of feeding and ovij)osition. They 
are the same size as fc'cding tubes and liave a large longitudinal aj)erture 
approximately four inches by oiu* inch (Fig. 2c). The tube is prepared 
for use by filling the aperture with cotton wool, placing a cork stopper 
without tubing in the end (Fig. 2d) and filling tlie tube with liquid 
food. An oviposition tube prepared and in i)osition is shown in Fig. 1. 



A B C D 


Fic, 2 A. Feeding tube. B. Feeding tube prepared for food. 
C. Ovipoisition tube. D. Oviposition tul)c pre4>ared for food. 
^ Photo: R, /. Mughes 
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Larval Medium, 

Larval food used is similar to the standard mixture recommended 
by the National Association of Insecticide and Disinfectant Manu- 
facturers, United States of America (Anon. 1946). Materials available 
locally are used and the culture is prepared as follows : — 

60 oz. dry mixture consisting of equal parts of wheat bran, 
lucerne meal and dried brewer's grains. 

3,750 ml. aqueous suspension containing 75 g. yeast and 50 mL 
malt extract. 

These materials are mixed together and then divided equally into five 
breeding jars. 

Adult Food, 

h'ood for flies consists of milk powder, water and sugar. For breeding 
flies food is prepared according to the following formula, which pro- 
vides sufficient food for tliree tubes : - 

17.5 g. powdered whole milk, 200 ml. distilled water, 7.0 g. sugar. 

h'or test flies the following formula is used, this amount being suffi- 
cient for four tubes : - 

50 g. powdered skimmed milk. 3(K1 ml. distilled water, 12.5 g. sugar. 

To this last formula. 0.4 ml. formalin is added if food is to be used 
for a period exceeding 24 hours. 


/igg Production. 


Technique 


Four or more rages each with ^5(M)-700 adult flies are maintained for 
breeding purposes. Kach cage is held for egg production for 14 days 
and is then replaced by a cage of newly emerged flies. Breeding flies 
are fed each morning wdth the appropriate food by means of oviposition 
tubes. After approximately 12 hours the food has dried sufficiently 
to prCvSent a suitable site for oviposition. Fggs are rarely laid before 
this time and consequently the majority of eggs collected are under 
12 hours old. 


Other methods of obtaining eggs have been tried but discarded for 
various reasons. In one method a ]>etri dish containing milk -soaked 
cotton wool or freshly prepared larval medium was placed within 
eacl) breeding cage. This gave a satisfactory number of eggs but had 
the disadvantage that flies escaped when a di.sh was being passed through 
the door of the cage. 

Another method made use of the feeding tube w'hich can be inserted 
into and removed from the cage without escape of flies. It was ob- 
served that some eggs were deposited on the cotton wool in the feeding 
tubes in cages holding test flies. These tubes were tried as oviposition 
sites in breeding cages but results were not satisfactory because the 
cotton wool was always too moist for oviposition. 

Eggs are taken from oviposition tubes each morning, placed in water 
and 0.3 ml. of eggs pipetted off. These are run with 10 ml. water into 
a shallow pit on top of the medium in each larval breeding jar. 
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Larval Breeding. 

The larval medium is prepared on the afternoon of the day before 
eggs are transferred and then divided out into jars and placed in the 
breeding room overnight. Five breeding jars are prepared each day. 
Larvae pupate in numbers on the sixth day jmd pupae are taken from 
the culture on the ninth day, by which time all larvae have pupated. 

Separation of Pupae. 

Separation of pupae from a culture in a clean condition is desirable 
in a fly-breeding })rogramme because at this stage flies are most easily 
handled, counted and distributed to cages. 

The following method has proved to be most satisfactory" for this 
purpose. 

Before eggs are transferred, a petri dish 3.J in. diameter and \ in. deep, 
containing a flat pad of moistened non-absorbent cotton wool com- 
pletely covering the bottom of the dish is buried one half-inch beneath 
the surface of the medium. On the fifth day. when pupation com- 
mences, larvae work their way through the cotton wool which is ap- 
parently more attractive at this stage than the larval medium. During 
this activity the wool becomes fluffy, rises to the surface of the medium 
and within two days attains the size of a tennis ball (Fig. 3a). A few 
larvae may pupate in the wool but the majority pupate in the dish 
beneath (Fig. 3b). On the ninth day the cotton wool is lifted away 
and the petri dish, now full of pupae, removed from the culture jar. 
Pupae from the five petri dishes of one culture are mixed, counted (by 
weight) and distributed to cages for emergence. 



A B 


Fig 3 . -Larval medium jar.', at ninth da> A. Showing fluffy cotton 
wool pad on surface, B. Cotton wool removed showing petri dish 
full of clean pupae beneath, x ]. puato: R. /. Hughes 

Pupae obtained in this way arc exceptionally clean and in a polished 
condition with little if any of the culture medium present. The whole 
process of collecting and sorting pupae takes only a few minutes, and 
])upae are not injured by any lengthy separation process. A few pupae 
remain in the medium but these are discarded as too much time is 
involved in collecting and cleaning. 

Over a period of, several months it has been noted that from 60 
to 90 per cent, of pupae are collected in dishes. Thus from five jars 
of a siijgle culture between 4;000 and 5,000 pupae were regularly obtained 
and th^ese were sufficient for one day’s requirements. 
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It has been found that much of the success of this method depends 
on correct preparation and placement of the petri dish. Dishes should 
be buried at least J in. to allow for sinking of the medium. They should 
be placed quite level, otherwise dishes will be only half full or empty 
at separation time. Non-absorbent is preferable to absorbent cotton 
wool while the pad should be well wetted with water and ccjver the 
bottom of the dish to a depth of J in. 

Many methods for separation of pupae have been described and 
Basden (1947) lists the majority of them. Several methods depending 
on the drying of the medium and its subsequent separation from pupae 
by means of air currents have been tried in this laboratory with varying 
degrees of success. With all methods investigated, however, a con- 
.siderable amount of time was necessary for the process. Other un- 
desirable features, and ones which could result in injury to pupae, 
were that they were handled considerably ; they were exposed to drying 
air currents and were unavoidably shaken about during winnow^ing 
or sieving proc(‘sses. 

Aduli Feeding. 

limergence of adult flies begins (ui the tenth or eleventh day after 
a culture is c<»mmcnced and peak emergence occurs on the fourteenth 
day. Adults are fed on the appropriate food mixtures each morning. 
Over a week-end period both test and breeding flies are fed wdth the 
skimmed milk powder formula plus fonnalin. One feeding tube is 
sufficient for approximately 500 flies for this ])eriod. 
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REVIEW 

PRACTICAI. ASTRONOMY 

By J. J. Na.ssai', Professor of Astronomy, Case Institute of Techiiologj'. 
Second Edition. Pp. 311-)-xii. McGraw-Hill Book Company Inc. 
1948. $5. 

The mathematical problem in determining time, latitude and azimuth lies 
in the solution of a spherical triangle formed by the elevated pole, the zenith 
and the celestial object, having given the reiiuisite number of elements. The 
practical problem of the astronomical surveyor is the determination of .some 
of these necessary elements, which usually resolves itself into a measure of 
the zenith distance together witli the olJservations time and horizontal 
angles as required. 

Simple though the mathematical requirements may he, the surveyor is 
concerned intimately with his instruments, error corrections, theoretical 
conditions for the best type of observation and the best form of solution for 
the triangle. The fundamental problems and their practical solutions are old 
and belong to the classical portion of astronomy. Modern approaches are 
concerned with finer instrument.s, improved metliods of observation and the 
tabulation of astronomical data in almanacs. 
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This new edition of a standard work is considerably enlarged and re- 
written, so as to cover all the classical requirements as well as the modern 
improvements. In the latter respect the lack of stress on sidereal time in 
in comparison with the Greenwich Hour Angle is notable in view of the 
coming change in the 1950 edition of the British Abridged Nautical Almanac, 
although this has been tabulated for some years in the American Nautical 
Almanac. 

Another notable and liighly praiseworthy feature of the work is its 
division into two parts determined by the accuracy of the instruments used. 
The first part, after dealing with the astronomical concepts involved, gives 
the methods of observation and computation for instruments having a read- 
ing accuracy of about 0.1 minute of arc. Quite correctly, five places of 
values are used as being sufficient for the reductions. Also the American 
Nautical Almanac, corresponding to the British Abridj^^d Nautical Almanac, 
is considered to give the astronomical data to the necessary degree of 
accuracy. In the second part more precise delerminatitms are considered, 
using finer theodolites for azimuth, zenith telescopes for latitude and 
astronomical transits for lime, with the corresfionding different methods for 
reduction. Here the use of standard almanacs giving precise quantities and 
the method of using them is given. Astrohales for time and latitude conclude 
this section, which can he taken as a good introduction into field geodetic 
surveying. 

Being an American production, all references arc naturally to American 
almanacs. This need be no bar to its successful use !)y lieginners in this 
country, however, so long as it is realised that the American use of 
‘civir lime corresponds to ihe English usage of ‘mean* lime. The reviewer 
feels that the method of defining and dealing with azimuth is a little 
clumsy, although this is due in i)art to the fact that a.stronomers have no 
universal definition (vide Chauvenet and other works). Consideration of 
the astronomical triangle would seem to indicate that ‘azimuth* is not 
necessarily synonymous with ‘hearing’ as defined by navigators. 

Little, if any, criticism can be found for this excellent work, which will 
be found useful for reference purposes as well as initial study. In some 
sections slight differences in fine detail between Americati and New Zealand 
practice may be noticed by exi)erts. Otherwise the hook is very suitable for 
self-tuition, with plenty of sen.sible problems and answers. Such a work 
should form part of the equipment of thosp concerned with general astro- 
nomical surveying. 

The usual high c|uality of production by McGraw-Hill has l)een main- 
tianed. 

-I. L. T. 23 June 1949 
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GROUND WATER IN NORTH CANTERBURY, BETWEEN 
THE WAIMAKARIRl AND ASHLEY RIVERS 
By B. W. Collins, New Zealand Geological Survey. 

(Received for publication 10th June, 1048) 

Summary 

High ground water levels adversely afTecting fanning during recent years 
in |>art of Nonh Canterbury are ascribed mainly to exceptionally high rain- 
fall throughout the preceding ten years. Deterioration pf the drainage 
system, cultivation and changes in vegetation, and aggradation of the river- 
beds may also have tended to raise the water table. Sources and conditions 
of occurrence of ground water in the di.strict are discussed, with particular 
reference to a drainage sdieine proposed by the North Canterbury Catch- 
ment Board. 


Introduction 

Probably the first written description of the Canterbury Plains is that 
of William Barnard Rhodes, elder brother of George Rhodes, of the 
Levels Station in South Canterbury, who in July, 1836, climbed the 
Port Hills from Lyttelton (then Port Cooper) and recorded in his diary: 
“I saw the Plains and two {ueces of bush. All the land that I saw was 
swamp and mostly covered with water.” 

A realization of the deep fertile soil to be made available by artificial 
drainage of the swamp areas of Cantorbury was a major factor in the 
settlement of the province. Many districts, of which the eastern part 
of the area to be described in this report was one, were drained early in 
the history of Canterbury; and at the present time many of the most 
productive farms in the province are to be found on areas that before 
the advent of Europeans were boggy, almost impenetrable wastes of flax 
and raupo. 

During the last few years much of tiie drained land has been de- 
teriorating through an excess of underground water, and at the same time 
much damage has been done by surf^ flooding. A coml^ned drainage 
and flood-control scheme for the plains area betwera the Ashl^ and 
Wahnahariri Rivers in North 'Canterbury has been devised by the en{^eer 
of the North Cantmhuiy Catchment Board, and the geological aspects 
of ground water as th^ afSect this sdmme are considered jo tins report. 
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Geology 

For a brief geological description of the area, the following units may 
be distinguished (Fig. 1 ) : 

(1) Burnt HiU and Starvation Hill: At Burnt Hill (1,210 ft., about 
400ft. above the general surface of the plain), six miles south of Oxford, 
there exists a remnant of the old surface on which w^e d^sited the 
alluvial gravels of the Canterbury Plains. Still unburied because of its 
elevation, this hill consists of an inlier of Tertiary sediments capped by 
basalt. A similar occurrence of volcanic rock forms Starvation Hill (943 ft., 
about 2.S0ft. above the plain), some three miles east of Oxford. 
Magnetic surveys on the Canterbury Plains (Jones, 1942) have indicated 
the probable existence of other masses of volcanic rock buried beneath 
the surface. It is probable that masses of relatively impervious rock of 
this kind impede the free .seawards flow of ground water. 

(2) The Mairaki Downs: Between Cust and the Ashley River the 
Mairaki Downs rise to 936 ft., or 500 ft. above the surface of the plains. 
On the north and northeast sides, the Mairaki Downs are dissected by 
many deep gullies, exposing good sections of the beds of which they are 
composed. These consist of sandy gravel and clay, brown through 
oxidation and fairly well cemented, lliey are tilted towards the east- 
northeast up to 12°. These gravels, obviously older than those of the 
plains, are probably to be correlated with the Kowai Series of Speight 
(1919) and may be Waitotaran in age (Mason, 1941). Because of their 
greater compaction and cementation compared with the younger gravels 
of the plains, these- beds must be much less permeable. Mr. H. W. Harris, 
engineer to the North Canterbury Catchment Board, estimates, in fact, 
that the run-off from this area approximates to 90 per cent. It is probable 
that these older, oxidized, and compacted gravels underlie the Canterbury 
Plains in other areas, perhaps at no great depth (they are exposed, for 
instance, at Rakaia Gorge), and form a relatively impervious surface on 
which ground water collects. This may be a factor in keeping the water 
table high in some places. 

(3) The Cust Downs: On the south side, of the Cust River, opposite 
the Mairaki Downs, beds of gravel and sandy clay compose an area of roll- 
ing country 30 to 50 ft. higher than the general surface of the plains. The 
strata are similar in composition, cementation, and compaction to the older 
tilted gravels of the Maindd Downs, but retain, however, an almost hori- 
zontal attitude, parallel to the surface slope of the country. The Cust 
Downs are bounded to the north and south by a definite terrace about 20 
ft. high near the middle and gradually decreasing both east and west, in 
which directions the downs merge into the general surface of the plains. 

On the north side of the Cust Valley similar beds overlie the tilted 
gravels cm the lower parts of the Mairaki Downs and form a relatively flat 
belt oProllim; counti’y almost surrounding the higher hOls. 

Hm surface of both the Mairaki and Cust Downs is covered with 
yellow silty clay sdmost identiod with the loess of Banks Penin»ila. Qn 
the lower parts of theiw ateas the presence of occasioned small pebbles in 
this deposit indicates tiiat !t has |b {daces been reworked l^^^llreams. 
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(4) The Canterbury Plains Proper: The greater part of the area here 
consi<^ed, between Oxford in the west and a line joining Fernside and 
East Eyreton in the east, is composed of an extensive series of beds of 
sandy gravel with various proportions of clay, mostly very porous and 
permeable, some relatively impermeable, but none appreciably cemented. 
These beds have been formed as the sub-aerial parts of the great confluent 
deltas built out by the rivers issuing from the mountains to the west. The 
surface slope of the plains in the direction of maximum gradient (from 
the Waimakariri Gorge to Lake Ellesmere) averages 34 ft. per mile, but 
it is steeper towards the hills in the west and gentler on the lower parts 
of the plains toward the coast. 

(5) The Coastal Lowlands: In the districts around Rangiora and Kaia- 
poi the present surface consists mainly of sand, silt, and peat deposits, 
which, as revealed in the logs of wells drilled in the area, are interbedded 
with gravels to a depth of at least 4S0 ft. Oscillations of saa-level during 
an extended period of general submergence were probably the cause of 
this sedimentary sequence. Towards the east of this belt of country, at 
a distance of from two to four miles from the sea, the present surface 
is only a few feet above sea-level. In the west the boundary between the 
marine and alluvial silts, sands and swamp depK>sits and the alluvial 
gravels of the plains is very irregular, tongues of gravel representing old 
infilled stream channels extending sinuously eastward into the lowlands. 

(6) The Present River Beds: Where the main rivers of Canterbury 
debouch from the mountains they have cut down into their fans to form 
deep canyons with steep, terraced banks up to several hundred feet below 
the fan surface. The banks of the Waimakariri gradually diminish in 
height from about 200 ft, at the Gorge to a point about 1 5 miles from the 
sea. Further downstream the bed is almost level with, if not actually higher 
than, the neighbouring part of the plains; and if the river were not con- 
trolled by stop-banks, in flood time it would find its way into old, aban- 
doned channels — for example, the Old North Branch leading through 
the township of Kaiapoi, or those leading southeast towards Christchurch. 
The bed of the Waimakariri is of variable but generally great width (in 
places more than a mile, even under present conditions of artificial constric- 
tion), and consists predominantly of greywacke gravel, the average size of 
which gradually diminishes from the foothills to the sea. In the lower parts 
of its course banks of sand and silt are present. During periods of normal 
or low flow the bed is intersected by numerous irregular, anastomosing 
streams. During floods, however, caused by heavy rain in the mountainous 
catchment area (usually from the northwest), the water may extend from 
bank to hank and even overflow the low-lying land on either side. 

The grade of the Waimakariri is considerably less than that of the 
plains in its neighbourhood; from the Gorge bridge to a point about 
10 miles from its mouth it is 27 ft. per mile. From this point it gradually 
flattens to the sea. 

The Ashley and Eyre rivers present similar features on a smaller scale. 
Unlike the Waimakariri, which has a perennial flow, both these rivers are 
intermittent, though the Ashley is rarely dry. The Eyre River, on the other 
hand, in years of normal rainfall, has for months at a time no water flow- 
ing above the surface in the lower part of its course. It is frequently 
asserted that the Eyre River flows mi a ridge soige feet higher than 
plains cm either side* Such fontouT maps as exist, however, show m 
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indication that this supposed ridge exists. It is true that the banks of 
the Eyre are of no gnat height, and in heavy flood the river is liable to 
overflow and inundate adjacent land. The lower part of the Cust River 
appears to lie in a slight d^ession between the fans built by the Ashley 
and the Eyre. It has been so much altered by man for purposes of 
drainage during the last hundred years that, at the present time, it has 
for much of its course more the appearance of a “Main Drain”, by which 
name it is in fact known. Extensive areas of the Upper Cust Valley 
between Oxford and the township of Cust are still swampy. Before 
artificial drainage of the area was undertaken the Cust and Eyre flowed 
into the swamps of the coastal lowlands and had no direct outlets to 
the sea. 

(7) The Sand Dunes: A coastal strip two miles wide, between the 
mouths of the Waimakariri and Ashley, is made up of ridges of beach 
shingle and sand. Only near the coast are the dunes free to move; 
further inland they are fixed 1^ vegetation. These dunes rise 25 ft. above 
sea-level. Swampy hollows lie between the various ridges and also on 
the inland side of this zone. 

On the accompanjring map (Fig. 1) unit (1) is called “Volcanic and 
Tertiary”; unit (2), “Kowai Series”; unit (3), “Terrace Gravels”; units 
(4) and (S) have been grouped together as “Gravel Plain”; unit (6) is 
indicated merely by the topographic lines showing the river banks; and 
unit (7) is shown by conventional dune symbols. 

Ground-water Levels 

During October and early November, 1946, and again for a few days 
in February, 1947, observations were made of the d^th of the water- 
table. Information was obtained from gravel pits deep enough to intersect 
this surface, from public and private wells, and from springs and other 
natural hollows. Residents and local-body officials were consulted in 
order to gain as much knowledge as possible of the fluctuations in the 
level of the water table. 

In general, it may be stated that in most parts of the area the water 
table is fairly close to the surface. Near Oxford a well drilled at the 
Linen Flax Factory in 1941 obtained water 48 ft. below the surface. 
At the Oxford Police Station in 1944 the water level in a well was 25 ft. 
below the surface. As the driller’s logs of both these wells record only 
“shingle” (gravel), it may be inferred that the water referred to was not 
under pressure beneath a confining bed, and hence the depths given are 
those of a free water surface or water table. 

Further east, in the central and eastern parts of the area, the water 
table is nearer the surface; in fact, in the region of Rangiora, Ohoka, and 
Kaia[Mi, it formerly was practically coincident with the land surface, and 
the district was a swmnp. Artificial drainage subsequently lowered the 
water sufikdently for farming, but in recent years there has been a 
tendenqy for the water to rise again and interfere with agricultural (^ra- 
tions. 

In the southern part of die area, between Burnt Hill and Uie Two 
Chain Road, the vratee table is at a considerable but undetmnined diptii. 
A well drilled to a 4epth of 133 ft. on Mr. C. F. Basse’s pisilHri^ 
near Burnt Hill in 1928 was abandoned, tt being stated in the drillinllM 
that there was “no 4 nq;^Iy.” The watm* level is, however, recorited w #2 
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below tile surface. At the proposed Air Force Camp near Eyrewell, miles 
south of West Ejrreton, a well was sunk 171 ft. in 1942 without striking 
water. Two miles east by north of this point an c^en well had been dug 
some 50 years ago by Mr. R. Dixon to a depth of *100 ft., also without 
success. Farther east again, near the present Eyre Diversion, the water 
taUe is within a few feet of the surface; and the country is swampy in 
places. Here the bed of the Waimakariri is approximately at the same 
level as the {Gains’ surface, and the water level underground is apparently 
related to that in the river. 

Ground-water conditions in the area for October, 1946, are indicated 
on the map accompanying this report (Fig. 1) by ruling superimposed 
on that indicating the geology. The water table is lo^er (more than 
10 ft. below the general surface! in all areas of volcanic and Tertiary 
rocks, gravels of the Kowai Series, and terrace gravels, as well as the 
western part of the gravel plains. In these areas artificial drainage of 
ground water is unnecessary. The areas in which the water table was 
high (within 4 ft. of the surface) are shown by horizontal dashes. Most 
of these areas were parts of the original swamps, and ail need further 
drainage. An intermediate water table (4 to 10 ft. below the surface) 
is indicated by two types of diagonal ruling. Those areas where .springs 
or seepages rise in hollows and cause trouble through surface flow of water 
or water-logging of the soil are ruled in alternate thick and thin lines. 
Provision for the disposal of this water is required to prevent loss of pro- 
duction on the farms immediately concerned as well as flood damage lower 
down on the plains. Thin diagonal ruling shows the districts where the 
water table, although relatively close to the surface, causes, so far as was 
observed, little or no damage. 

Three sections showing the relation of the water table to the ground 
surface in October, 1946, are presented (Fig. 2). It is to be noted that 
the vertical .scale in these sections is greatly exaggerated, and that both 
the horizontal and vertical scales of section 1 are only half those of the 
other two sections. 

Fluctuations of the Water Table 

During the past 25 years (as far back as it is possible to go with the 
rewrds available at present), according to information gathered from 
residents, there have been remarkable variations in the ground-water level, 
especially in some districts. On Mr. C. H. Tallott’s farm, for instance' 
about a mile south of Cast, where the water table last November (1946) 
was within three or four f«t of the surface, a well 28 ft.- deep has been 
known to go dry several times. On a neighbouring farm (Cowan’s), an 
opffli well 60 ft. deep is said to have been dry occasionally. At Horrelvilte 
several wells are about 30 ft. deep; some have been dry at times, but in 
others the water level is said to remain fairly constant, varying' only a 
few feet even in extremdy wet or dry seasons. Statements such as this 
last, however, cannot be accepted wthout hesitatimi; it may be that 
those wells that have never gone dry are deeper than those that have. 
On the other hand, in parts of the area here considered, the compositicm 
of the surface and the subsurface deposits of the pli^n* is so variable 
within short distances that it is possible that wells quite close togetiier 
are siq^Ued from diSgrent sources, and their fluctuations may not be 
/eadily correlated. 
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Mr. M'. S^f>eficer Bower’s well, two miles «ist of Eyrewell, .near Brown’s 
Road, was deepened in 1934 to 60 ft., at abcmt which d^th water was 
met. It has never been dry since, and the water level now stands about 
7 ft. below the ground surface. Mr. Bower states that the water taUe 
was high in 1924, and that it was not so high again untfl 1945. This agrras 
vHth statements of Messrs. Tallott (high 1923-25) and J. Horrell (high 
in autumns of 1925 and 1936). 

There is general agreement that the average ground-water level ttirough- 
out the year has been tending to become higher since 1944, and has seri- 
ously interfered with farming. A high water table in spring is more or 
less to be expected and may pass unnoticed, but in the last few years the 
level has been high in summer and autumn and has hindered (and some- 
times prevented) such important farm work as harvesting or sowing of 
autumn wheat. 

The close correspondence between the height of the water table and 
the rainfall in North Canterbury is obvious when the statements in the 
last few paragraphs are compared with the annual rainfalls presented in 
the graph (Fig. 3). Rangiora is hear the centre of the eastern half of the 
area, and rainfall records from this locality would be especially informa- 
tive. Such records, unfortunately, are available only until 1939. It is 
^parent from the graph, however, that the records for Christchurch (16 
miles to the south) are closely similar, and comparison of these also 
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with those for Amberley (about 12 miles northeast of Rangiora) shows 
that the Christchurch records may be taken as fairly rq>resentative of the 
rainfall on the eastern half of the area concerned. Towards the west 
the rainfall increases until at Oxford (20 miles west of Rangiora) it is, 
on the average, 50 per cent, greater. The years 1925, 1936, 1938, 1941, 
and 1944-46 were years of very high rainfall at Oxford, Christchurch, 
and (as far as the records go) also Rangiora. Several of these years were 
noted for the high level of ground water. The unusual combination of 
three consecutive years of high rainfall (1944-46) is obviously the main 
reason for the excessively high water table experienced recently — ^whether 
the ground water is supplied mainly by percolation or rainfall vertically 
or by leakage laterally from streams and rivers. 

The relation between rainfall and ground-water level may be studied 
in greater detail by comparing the monthly rainfall records for 1945 
and 1946 with the static water level in the Rangiora Borough’s 36 in. well, 
records of which have been k^t almost daily since it was completed in 
August, 1931, by Mr. H. H. Matthews, borough electrical and water- 
works engineer (see Fig. 4). It will be observed that the water level 
fluctuates in general agreement with the rainfall without any appreciable 
time lag. Closer inspection of the records shows that the level usually 
begins to rise 5 to 9 days after the begintUng of significant local rain, con- 
tinuing to rise for 8 to 17 days after the rain has stepped. This seems 
to indicate that the ground water in this locality is, to a large extent at 
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least, fed directly from rainfall, though, of course, it must also be sup- 
plied by ^ slow movement seawards of the water that has percolated 
to the water table further west on the plains. It is to be noted that the 
hi^iest level since 1931 was recorded in August, 194S; the lowest in 
February, 1935. 

The rainfall at Oxford (shown on the graph. Fig. 3) may affect the 
level in this well for some time after local rain has percolated^ to the 
water table or been retained in the soil. The time during whkli this 
effect may bj felt is discussed below. The level in the has been 
observed to rise after floods in the Waimakariri (indicating rain in the 
hills) even without rain at Rangiora. If this observation is correct it may 
be inferred that some ground water is supplied by leakage from the bed 
of this river. On the other hand, although the Ashley is within a mile of 
the well, it is thought by Mr. Matthews that variations in the flow of the 
Ashley have little or no effect on the well-water level. 

When observed again in mid-February, 1947, ground-water levels in 
many parts of the district had receded two to five feet below the October 
levels. According to the local farmers, the water table, which had been 
rising for some months, reached its peak about the end of November, 1946, 
since when it has declined, although rains in January and early February 
had caused temporary rises. The contrast between the ground-water con- 
ditions in the summer and autumn of 1946-47 and those of 1945-46 
(when the level was excessively and inconveniently high) may be accounted 
for by the different distribution of rainfall in the two years (1945 and 
1946), and also by the fact that although the rainfall at Christchurch for 
1946 was a record high figure, that at Oxford for the same year was very 
much lower than that in 1945 — in fact, the lowest since 1940. 

Sourcf- of Ground Water 

In addition to that supplied by direct percolation of rainfall to the 
water table, ground water in the area may receive supplies from other 
sources. Since the water table is in gmeral a sloping surface with a 
gradient not very much less steep than that of the plains (30 to 35 ft. to 
the mile in the area between the Ashley and Waimakariri) and the 
gravels and associated beds of the plains are generally veiy porous 
(especially towards the west of the area where, according to well logs, 
clays are absent or rare), there must be considerable underground flow 
of water toward the sea (see section 1, Fig. 5). The actual rate of move- 
ment of ground water, even in very permeable beds, is usually not more 
than a few feet a day, but what is of importance in this connection is 
the rate of movement of the wave on the surface of the water table 
(wattr-table peak or phreatic wave). From observations in Ashburton 
County in similar gravel beds R. L. Oliver in 1946 concluded that this 
wave moved at the rate of about 1 70 ft. a day. In permeable basalt in 
Idaho (Meinzer, 1942) such a water-table peak has ^n found to move 
at an average rate of 750 ft. a day. Assuming that the rate in North 
Canterbury Ls about 200 ft. a day, the time necessary for a water-table peak 
to move from Oxford to Rangiora (20 mdes) would be about 18 months. 
Thh is in fair agreement with the experience of local fanners who have 
noticed that the ditches in the (%apuku district (neu Kaiapd) are 18 
to 24 months “behind the seascm.’^ Superimposed on this source of fluctua- 
tion of the water table are fluctuations due to local r^ns, whkh are mote 
, rapid and often of greater range and hence tend to dbscure the relations. 
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A further source of ground water that must be considered is lateral 
seepage from the rivers. Many fanners are convinced that the water 
level in their wells fluctuates with the flow in a nearby or even somevdiat 
distant river — in the latter case generally the Waimakariri. Some even 
say that subsequent to a river becoming cloudy in a flood their well water 
becomes milky. This may be due to contamination of the well by muddy 
surface water, as many such wells are quite unprotected from the inflow 
of surface water, while some are situat^ in hollows that collect surface 
run-off after rain. In a narrow strip of country on either side of the Eyre, 
between Horrelville and the present diversion, the water table is at present 
fairly close to the surface and springs rise in low parts in wet seasons. 
These springs, and the water level in wells, are thought by residents to 
fluctuate in sympathy with the flow in the Eyre. The effect is most 
rapid near the river, and the time lag increases with increasing distance. 
Mr. Sheafs well (a mile southwest of Horrelville and a quarter of a mile 
from the river) is said to rise 24 hours after a flood in t^ Eyre. Mr. J. 
Horrel’s well (at Horrelville, a mile and a half from the river) begins to 
rise 10 days after a flood; with a rising river, further rain is said to affect 
the water level within 24 hours. About two miles northeast of Horrel- 
ville, on Mr. Tallott’s property, the water table is stated to rise a month 
later than at the former locality, and to remain high from one to two 
months longer. On and near Mr. Spencer Bower’s farm, near Eyrewell, 
no springs rise on the slightly higher ground immediately south of the 
river — the soil in this strip is a fertile silt loam derived from former flood 
deposits of the Eyre River — but on the stony country further away from 
the river, many springs have been flowing almost continuously for the 
last two years. (During this time also there has been an unprecedented 
continuous flow in the Eyre, normally dry in this part of its course for 
the greater part of each year.) The water level in Mr. Bower’s well (half 
a mile south of the river) is said to rise two weeks after the Eyre flows in 
this locality. 

From facts such as those given above and others of a similar nature — 
even allowing for some erroneous observations — ^it seems probable that 
some of the ground water in the district is supplied by the Eyre River, and 
the water table may be thus affected several miles from the river. In 
the lower part of its course (from Oxford to its junction with the Wai- 
makariri through the present diversion) the Eyre normally flows only 
intermittently, and there may be a surface flow in parts of its bed with 
no visitfle water in sections both above and below. On October 16, 1946, 
for instance, it was flowing through the diversion, and at Downs Road, 
dry at Fester’s Road and Pc^ntz’s Road, and flowing strongly at Steffen’s 
Road. It may thus be described as a ^ring-fed intermittent stream 
(Manzer, 1923) its flow being affected by fluctuations in the water table 
whereby the stream channel stands in various places at times above and 
at other times below the water table. Tlie influence must be in both 
directions, however, and after heavy tain surface water flowing down the 
Eyre must help to build up the water table lower down on the plains 
as it se^ away tlnrough the bed of the river. 

On the upper part of the plains the Ashley and Waimakariri are 
both deq)ly entrenched, and land adjaccmt to them is not affected a 
high water table. Itloreov^r, information as to the depth of ground ivater 
is lacking because of tlM ahsrace of wdls. Unless the rivers are Insulated 



200 The N.Z. Journal of Science and Technology (Mar. 

from tile water table it appears that ground water must contribute to their 
flow, since the elevation of the water table at Oxford and Burnt Hill (on 
rather meagre information) is well above that of the water level ih' the 
Waimakariri at an equal distance from the sea. For the middle fialrt of 
the course of the Waimakariri through the plains information is more 
definite. The experience of well-sinkers in the area of the Eyrewell State 
Forest, as mentioned previously, has shown that the water table in this 
district is more than 100 ft. below the level of the river. The lack of a 
water supply for wells here cannot, in the opinion of the writer, be due to 
lack of permeability or to a negligible specific yield of the strata penetrated. 
TTie soils of the State Forest area are classified by the Soil Bureau as 
very light, stony, sandy silt loams of very low fertility and very dry 
(C. S. Harris, personal communication). The (i^avels underlying the area 
■must also be very porous and pervious, since, in spite of a considerable 
■rainfall (averaging 43.5 in. annually at the State Forest Headquarters dur- 
ing 1942-46), there is no surface run-off from this area whatever, and the 
entire rainfall (apart from that evaporated and transpired by plants) 
must percolate down to the water-table. The only reasonable explanation 
of this situation seems to be that in this part of its course the Waimakariri 
has deposited sufficient silt and clay in the gravels forming its bed to 
render it impervious and hence insulated from the water table. 

Steam-gauging records for the Waimakariri are not at present 
sufficiently accurate to enable a definite conclusion to be reached as to 
whether or not there is any leakage from the river over this stretch. A 
series of comparative records obtained by the engineers of the former 
Waimakariri River Trust is as follows: — 


Gorge Bridge 

White’s Bridge 

1,700 cusecs 

1,650 cusecs 

4,500 „ 

4,200 ., 

10,500 „ 

10,200 

41,000 „ 

40,700 


The differences shown are probably within the limits of error of the 
methods used, but so far as they go the records show only a verv slight 
decrease in volume over the 30 miles of riverbed between the gauging 
stations. Benson (1946) noted that all these records refer to periods of 
relatively low flow, and stated that during periods of higher flow the 
measured losses have been greater. At the same time, however, the 
limits of errm- would be greater. Some of this loss is to be accounted for 
by water drawn off in water races, and a further part may leak away 
from the river in the lower part of its course (near East Eyreton), where 
the water table is known to be dose to the surface and approximately at 
the same level as the river. The conclusion to bl drawn from the exist- 
ing records of stream flbw, therefore, is that if there is any loss from the 
Waimakariri in the middle and upper part of its courW through . the 
plains, the amount is very smaO. 

A cqpy of the log of the well drilled at the proposed Air Force Cmnp 
near Eyrewell was kindly si^iplied by Mr. S. Taylor, of Job Osborne airf 
Co., well-sinkers, Christchur^. 
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Eyreweix Camp (3in. well) 

Depth — 171 ft. No water. Abandoned. 

0- 14 „ Brown shingle (hard) cemented with clay. 

14- 18 „ Brown shingle (open). 

18-171 „ Brown shingle (hard), as above. 

— H. Tucker, 22/10/42. 

Mr. Taylor informed the writer that nearer the river, about a chain 
from the terrace edge, another well was then put down to about 100 ft. 
The same strata were penetrated and no water obtained. A third well 
was sunk in the riverbed itself about 30 ft. from the toe of the terrace, a 
fourth half-way between the terrace and the main stream of the river, and 
a fifth about 10 yds. from the running water. Only in the last well was 
any water struck, and this was only a slight seepage from seven feet below 
the surface and considerably below the level of the water in the river. 

The district south of the Waimakariri opposite the Eyrewell State Forest 
has not yet been investigated; but an indication that conditions are 
similar (i.e.. very deep water table insulated from the river) is given by 
the statement of Mr. A. B. Clemence, proprietor of J. W. Horne and Co., 
well-sinkers, Christchurch, that at Darfield (eight miles south of Burnt 
Hill) an open well 200 ft. deep was drj’. The diggers could not continue 
the well because of foul air; but a pipe was driven by Mr. Clemence to 
230 ft., and the water stood at 210 ft. below the surface. The banks of 
the Waimakariri in the neighbourhood are 100 ft. high. 

Drainage 

(1) Natural Drainage: The Canterburj' Plains, being relatively young, 
had in their natural state a very inadequately developed drainage system. 
Only the extended consequent rivers, flowing across them from the moun- 
tains to the west, had eroded their beds any appreciable depth below the 
ground surface. Even some of the smaller of these, such as the Eyre 
and Cust in North Canterbury, although draining considerable areas of 
foot-hill country, flowed in ill-defined beds with low banks very nearly 
at the same level as the general surface of the plains. Only in places where 
marine erosion had developed a cliff at the coast had streams originating 
on the plains themselves develqied by headward erosion channels of any 
great depth. Since the climate is su^humid near the coast, changing to 
humid and then wet as the mountains are approached, it is not surprising 
that in those districts between the incised drainage channels and towards the 
coast where even the main rivers are not greatly incised, the water table is 
relatively shallow and swamps are common. This situation may have 
been aggravated also by the gradual subsidence of the land with respect 
to the sea, evidence for this movement being provided by the drowned 
tqiGgraphy of Banks Peninsula, and by the occurrence of beds of peat 
down to depths of 700 ft. below the present surface in the Christchur^ 
area, as revealed in drilling artesian wdils. Professor R. Speight (1917) 
has suggested that a rise in the water table with consequait water* 
logging of the soil, brought about by sub^dence of the land, nuy have 
been the cause of the d^tmeUon of the forests that itourished in fairly- 
recent times on the eastern Canterbury Plains. 
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“In the swampy areas round Lakes Ellesmere and on the low-lying 
eastern fringe of tite plain there existed [when Canterbury was first settled 
by Eurqreans] a great amount of timber, chbfly white pine, or kahikatea 
(Pi^carpus dacrydhides), and manuka ( Leptospermum scoparam), 
some of which lay prone in the bogs, while some formed the stumps of 
trees in position. Since kahikatea is a timber whidi soon perishes on 
exposure to the weather, it is evident that the destructicm of these forests 
occurred somewhat recently. This was attributed ly the early settlers to 
the action of fire; but it is difficult to understand how a water-logged 
swamp could have been thoroughly burnt out, and it is extremely probable 
tlut this part of the forest of the plains disappeared largely owing to the 
killing of the toees by water-logging due either to depression of the land 
or to the flooding of the land owing to the changing course of the rivers, 
itself perhaps partly due to depression, of which there is entirely inde- 
pendent evidence.” (Speight, 1917.) 

It is interesting to note that the long-maintained high water table of the 
last few years is held to be the cause of the killing of bluegums and pines 
of considerable age (? 30 years) on Mr. Tallott’s farm near Cust. 

(2) Artificial Drainage: Artificial drainage in the past century of 
settlement has profoundly altered the aspect of this part of North Canter- 
bury. Not only has the Eyre been diverted into the Waimakariri about 
five miles west of Clarkville, and many changes made in the lower part 
of the course of the Waimakariri for the purpose of protecting adjacent 
land from flood damage, but also many smaller watercourses have been 
diverted, and several creeks that formerly petered out in swampy patches 
or disappeared into the porous gravels have been linked with others on 
the lower plains and eventually led into one of the main rivers. Altera- 
tions have been made for drainage, water supply to water races, and 
water power for flour-mills. Some paddocks have been tile-drained, notably 
near Clark\^le and Rangiora, and where there is still sufficient outfall 
and the drains are in good condition, the water table is kept by this means 
sufficiently low for farming. The extent of this change may be appre- 
ciated by a comparison of Doyne’s map of 1865 (Fig. S) with maps of the 
present day. 

The form of the water table at present is probably far more irr^lar 
than it used to be under natural conditions. In areas adjacrat to deep 
drains (e.g., pwts of the Cust Main Drain and its laterals) the land is 
well drained, with the water table at an adequate depth below the surface. 
In other parts where drains have become shallow or blocked or have 
insufficient fall, the reverse is true. A recent example of the beneficial 
effect of good drainage is {vovided by the denning last year by the 
North Canterbu^ Catdunent Board of Greig’s Drain, near Clarkville. 
The water table in nearby paddocks was lowered about two feet, and land 
was able to be ploughed where no cultivation had been possible for many 
yews. A further cause of the rapidly changing ground-water conditions, 
sometimes even in the same paddock, is the fact that the tc^iography of 
tlK plains is in detail much more irregular than it ai^rs at first i«i ght 
Differences of elevation of a few feet are conunon in shm distances, marl^ 
ing abandoned watercourses and levees, and perhaps differential settling . 
of surface deposits aftw changes in drainage, either natural or artifitm 
Where the water table is within a few feet of the Surface these diftemices> '^ 
though sipall in amount, may have a profound effect (m the nature of 
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Isod from an i^ricukural point of view. No accurate contour map of 
tbis part oi Caaterbuiy exists, and faenc^ much more work would be 
entailed in tlw preparation of a water-taUe contour map. 

(3) PreseM Conditions: The areas at present requiring relief from an 
excessively high water table may be divided into two types: 

(1) The coastal lowlands, lying between the eastern margin of the 
piedmont alluvial plain prqier and the zone of beadi ridges and dunes. 
Here were located the original swamps that were drained early in fte 
history of the settlement of Canterbury. It is obvious that many drains 
are not now adequate to carry off excess water. Deepening, cleaning, and 
rqilacing inadequate culverts should do much to assist in a quicker dis- 
posal of the water and a general lowering of the water table. The small 
fall to the sea will, however, always present a problem in the adequate 
draining of these areas. Besides the last few years of unprecedented 
rainfall, a quicker run-off from the upper parts of the plains may have 
increased both surface- and underground-water troubles in this district. 
In its native state the land was slightly undulating in topography, and 
rain-water was held for long periods in pools; native grasses and forest 
probably retained more water than introduced grasses and crops. The 
recent increase in the area brought under cultivation, for example, round 
Oxford, must have disturbed the former conditions — ^ploughing, for 
instance, tends to plane out the surface — the amount of water evaporated 
and transpired has probably been reduced, and the nett result has prob- 
ably been a quicker and possibly greater run-off, accentuating water 
troubles in the lower part of the plains. 

(2) Areas where springs and seepages occur on the piedmont alluvial 
plain itself — e.g., on either side of the Eyre River from Horrelville east to the 
diversion, and south of Gust. Some of these springs may be fairly readily 
explained as occurring in relatively low places where the water table lies 
naturally close to the surface. In other places, however, it seems clear that 
surfacing ground water is under artesian pressure and reaches the surface 
in localities where there happens to be a porous conduit. 

In support of the view that some at least of the springs are artesian' 
may be cited the following facts: — 

(a) Flowing artesian springs are known in other areas of North Can- 
terbury, e.g., in Hoon Hay Valley and in Beckenham Park, Christchurch. 
TTie flow from the latter springs (about a million gallons a day) is affected 
by the rate of pumping from the artesian wells at the Christchurch City 
Council’s Main Pumping Station about half a mile away. Most of the 
wells at this station are about 80 ft. deep. 

(b) In the eastern part of the area logs of artesian wells frequently 
record interbedded clays and tight impervious gravel beds as well as porous 
and permeable gravel and sand. It is probable that impervious beds ex- 
tend westward considerable distances and coniine {(round-water in some 
places. The nature of the surface deposits — soil and its parent material — 
greatly influences whether ground water can rise to the surface or not. 
At Ohoka, for instance, surface clay overlies water-bearing gravel, and 
when the clay layer is penetrated (e.g., by a post hole) water rises (in 
periods of high ground water) some distance up die hd^ or even to the 
surface. Similar conditions obtain at FUucton and probably at many other 
.j^aces where fine-grained dqxKdts form the upper -layer ^of the plains. The 
extreme variability of surface conditions from place to' place on the idains 
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is apparent from a study of Uie soil maps being prepared by the Sml 
Bureau, and is also borne out by the experience of farmers and those 
concerned with the construction of water-races. In some places no 
trouble was experienced with leakage from races, but in others it was only 
with great diffiiailty that the channels w^e roidered water-tight. Concrete 
culverts had to be used in places to convey the water across a section 
(often quite short) of very pervious country. 

(c) In many places the surfacing of ground water is not prevented by 
the digging of ditches several feet deep on the upper (west) side of the 
seepage or ^ring. 

(d) Sub-artesian water (rising in a pipe above the level of the water- 
table but not to the surface of the ground) is known at many localities 
outside the area of artesian flow. The boundary of the artesian-flow area 
is marked approximately on the map. Fig. 1. 

(e) Near Rangiora, on Mr. Leech’s farm, it is claimed that a seepage 
may be started merely by pulling out a willow stump. In an area of only 
20 acres Mr. Leech estimates that there are about 200 s^>arate springs, 
many of which are on relatively high ground. In this district heavy clay 
soil overlies gravel. Artesian water rises about three feet above the 
surface from a depth of 25 to 30 ft. 

Frequently the entire blame for the exertional ground-water condi- 
tions of recent years has been placed on the fact that the Eyre and 
Waimakariri are building up their beds by deposits of gravel, thus raising 
their water levels and hence the water table in adjacent land. Though this 
may be a contributory factor, careful surveys show that it can only be 
a minor one. From cross-sectional surveys made by the Waimakariri 
River Trust’s officers, it app>ears that the Eyre has aggraded its bed over 
an average channel width of 400 yds. by about one foot in 23 years. 
Measurements made at the Highway bri^e show that the waterway of 
the Waimakariri has been reduced by less than per cent, in the last 
IS years. In October, 1931, the waterway was 22,500 square feet; recent 
surveys show it to be now 390 square feet less. The average rise in the 
level of the bed is thus 4.2 in. in 1 5 years, or about a-quarter of an inch 
a year. 

Unlike jiarts of Mid- and South Canterbury, where irrigation is prac- 
tised, North C'anterbury cannot be affected to any extent by seepage of 
irrigation water, since the only water added to the area is the small amount 
supplied in stock-water races. During construction some trouble was 
experienced with leakage from these rac^s, but this has apparently been 
overcome, and all races are now considered to be effectively sealed. There 
is certainly no evidence of leakage at present, evoj where races run within 
a few feet of gravel pits or drains. Water races can affect drainage 
problems oftly if, during heavy rain, the water is not turned off at the 
intake (as is said to happen occasionally). Accretion of run-off further 
down the race may then cause flooding, and also prevent Uie races function- 
ing as drains, as apparently some at least are e]q)ected to do. 

In summary, it may be stated that the present unsatisfactory drainage 
situation in the area is the result of a combination of factors, among which, 
roughly in order of importance, are: — 

(1) The excestive rainfall of the past three years, perhaps aggravated 
by the fact that of the last 11 years, 7 have beat years of more than 
average rainfall (see Fig. 2), 
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(2) 'nie gradually deteriorating condition of existing drains, many of 
vhi(^, throu|^ ladi of proper attention, have silted up, become choked by 
the growth of wi^ows and aquatic wee^, tranqiled in by stock, etc. 

(3) Chuiges concomitant with the advance of settlement and exten- 
sion of the area under cultivation, such as quicker run-off from the foot- 
hills and ui^iar plains, less water lost by evaporation and transpiration as 
the areas of surface pondage and forest and other natural v^tation have 
been reduced. 

(4) Aggradation of river beds, raising the water level in the rivers 
and hence affecting the water table in nearby land where the water table 
and river water are inter-related. 

Proposed Drainage Scheme 

The proposed Eyre-Cust Drainage and Flood Control Scheme (re- 
cently renamed the “Oxford-to-the-Sea Scheme”) is a comprehensive scheme 
designed by the North Canterbury Catchment Board io improve the 
drainage of surface water from the area, to control flooding of the many 
watercourses, and also “to serve in assisting to cut off and discharge so 
much of the undercurrent | ground water] as may be possible” (report of 
Mr. H. W. Harris, engineer to the Catchment Board). 

From the points of view of drainage and flood control the scheme 
seems to be necessary and adequate. At present, during floods in the 
Eyre and Cust, many of the minor drains do not function because the 
water levels in the rivers are higher than those in the drains intended to 
discharge into them, cau.sing the backing up of water in the drains and 
accentuating water-logging of the soil. With the diversion of the Cust 
River into the Ashley and the Eyre into the Waimakariri as proposed, 
the channels of the Cust and Eyre would become available for the water 
from the lateral drains, enabling them to function properly at all times. 

With the limited amount of information available as to the ground- 
water conditions in the area, it is difficult tt> predict just what will be the 
effect of the scheme on the water table. Mr. Harris in his report present- 
ing the scheme, states that: — 

“Undercurrent is dealt with in the system of cross drainage. In this 
regard an examination of the district discloses that most of this water 
comes from certain definite localities and that the intervening parts con- 
tribute relatively little but suffer severely from the surfacing of such 
undercurrent. . . . For this reason as many cross drains as appear 
reasonable are suggested in order to prevent aggregation of water in the 
lower parts of the district and also to serve in assisting to cut off and 
discharge so much of the undercurrent as may be possible.” 

Cross drains, where constructed in pervious material should definitely 
help to lower the water table, provided they are deef> enough. In places, 
however, it is probable that the ground water that ccHhes to the surface 
is artesian; such wrings may continue to flow in wet seasons. The drains 
proposed would, however, carry off this spring water before it could do 
much damage by flooding over the coun^ as at present. 

Since a great part of the gitmnd water appears to be supplied not so 
much by rivers as by rainfall over a wide area of the plains, it is protoUe 
that the prtposed diverrions of the Cust and Eyre ^1 have little effect 
on the avoage level of the water table througdiout the aiea. Even vrith- 
out the adiition of water through the lateral drains, it is probable tet: . 
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the Cast and Eyre will flow at times below the points of diversion. Such 
effect as the diversions may have, however, can only be beneficial, since 
in the opinion of soil and agricultural experts, it is practically impossible 
to overdrain soils, especially those of a heavy (silty or clayey) nature such 
as are found in most of the areas in this district that require further 
drainage. It is possible that some small areas of light land, as, for 
example, that near East Eyreton, will be affected adversely by a lower- 
ing of the water table. It is said that record yields of wheat and pro- 
lific growth of pasture have been obtained in the last few years in this 
last-mentioned locality without any associated ill-effects. It is possible, 
nevertheless, that these desirable results are connected mainly with the 
recent high rainfalls (especially during the growing seasons) rather than 
with the position of the water table. 

The great advantage of the scheme apart from the flood-control and 
surface-drainage aspects will, without doubt, be the provision of outlets, 
available at all times to those farmers desirous of constructing internal 
drains on their properties. In many places at present, for reasons given 
above, such outlets do not exist, especially after heavy rain. 

It is concluded that the “Oxford-to-the-Sea^^ Drainage and Flood 
Control Scheme, as proposed by the North Canterbury Catchment Board, 
will have a beneficial effect on ground-water conditions in the area and 
enable successful field drainage of wet areas to be undertaken. 
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Postscript (March, 1950) 

At the time the scheme was first proposed (January, 1946) and for 
somewhat more than a year afterwards, the district was experiencing 
serious flooding and water-logging, and ^ obviously in need of improved 
drainage if agricultural producrivity was to be restorW to itisi former level. 
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As shown in the paper, the high ground water levels were in great part 
due to more than average rainfall during successive years. Rainfall during 
1947, however, was slightly below average, and durii^ 1948 and 1949 
consideraMy bdow. The water table throughout the district fell appreci- 
ably, and for some time now there has been no general need for improved 
drainage. Some wells have actually gone dry, and a shortage of water 
has developed during the last two summers. For some time the Catch- 
ment Board remained convinced that it was still desirable to carry out 
the scheme as originally proposed; later some minor modifications were 
incorporated; but the oi^osition became more and more vocal. Two 
petitions signed by a large number of ratepayers were presented to Parlia- 
ment. The Committee that heard these petitions called evidence from the 
Geological Survey. This evidence emphasized two points that had re- 
ceived but scant treatment in the above report: — (1) ground water in 
the belt of country along both sides of the Eyre River is partly supplied 
by leakage from the river, as shown by the dependence of watertable 
levels in this area on the flow of the Kyre River; and ( 2 ) the recent 
series of wet years was quite exceptional in the history of while settle- 
ment in Canterbury, the average annual rainfall over the ten year.s 
19v^8-1947 being higher than that of any preceding similar period since 
rainfall records were begun in Christchurch in 1864. 

As stated in the preceding article, the work on which^ it is based was 
done in October and November, 1946, and February, 1947. The article 
was written in March, 1947, Since then objections to the Catchment 
Board’s proposed drainage scheme were advanced by a number of farmers 
in the district, and after protracted negotiations the Board Anally decided^ 
in December, 1949, to suspend the scheme Indefinitely. 
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AN AUTOMATIC RECORDING POLAROGRAPH 

By T. J. Sprott, Auckland University College, Auckland 
^Received for pubUcation, J April, 194H). 

Summary 

A recording polarograph is described which does not involve photo- 
graphy, but gives a trace of the current-voltage curve in ink on ordinary 
graph paper. 


1 NTRODUCTION 

The basic measurements of the polarograph, an instrument devised 
originally by Heyrovsky and Shikata ( 1 ) , are those of the continuously 
varying voltage applied to a pair of mercury electrodes, one of which is 
of the dropping type, and of the current flowing under this voltage 
through a solution which completes the circuit between the electrodes. 
Under proper conditions the curve of current versus applied voltage 
is determined by the oxidation-reduction properties of the solute, and 
consequently such curves can be used for the qualitative detection of the 
constituents of the solution and also for quantitative analysis of the 
solution. In recent years the instrument has received wide application 
in lx3th analytical and industrial chemistry; the biological assay of 
17-keto steroids by Barnett, Henly and Morris (2), the procedure 
devised by Lingane (3) for determining tin, lead, nickel and zinc in 
cop|)er-base alloys, and the pcdarographic determination of azides Ml, 
may be ()uoted to illustrate the variety of problems o^n to attack by 
this method. It is possible to make current measurements in an apparatus 
in which the voltage increase is controlled manually; the procedun* is, 
however, time-consuming and tedious. On the other hand the automatic 
recording machines at pre.sent available, in which the current is measured 
by allowing the light reflected from a galvanometer mirror to record 
on a photographic drum, are relatively expensive to operate. This paper 
will describe the construction of an automatic polarograph from normal 
laboratory equipment, which has been found to give very satisfactory 
service. 


Apparatus 


Polarographk Cell 

This consisted of a 3 ml. glass vessel wdlh a pool of mercury at the 
bottom to act as one electrode. The other was of the flowing type, 
mercury being run through a 10 cm. length of capillary tubing to produce 
drops about O.S mm. in diameter with a drop time of 2 seconds. 

The Current Recorder 

The set up of the apparatus is illustrated. For the current recorder 
two photoelectric tubes, Type CEl, were mounted on a large Jin. 
Whitworth nut through which passed a specially trued shaft of Tobin 
bronze threaded correspondingly. This shaft, 17 in. in length, was 
mounted between two brass bearings screwed into the ends of the sup- 
porting member, a strip of 3 in, | in. copper bent up 4 in. at the ends. 
The M^ole was lined up accurately, the end play of the shaft being about 
0.005 in, with negligible slackness in the shaft bearings. 
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This $haft was geared to a small commutator type motor mounted 
at one end of the supporting member. When the shaft was rotated by 
the motor, thie nut carrying the photoelectric tubes moved, carrying with 
it a fountain pen which slid along a rigid stay on the supporting mem- 
ber. This also prevented the nut from rotating. 

Associated with this mechanical contrivance was an electronic circuit 
which took the impulses from the {rfioto-tubes and translated them into 
rotations of the threaded shaft, such that if light fell on one tube, the nut 
supporting the tubes moved in one direction until the beam passed 
between the tubes and vice versa. Thus the tubes continually sought to 
centre themselves on the light beam. This was achieved with the circuit 
shown (Fig. 1). 

The relays shown were of telephone origin and were slugged so as 
to give a quick-make slow-break characteristic. Care was taken to ensure 
that they had the same operating current. 7'hey were mounted, together 
with their operating tubes, Thyratrons Type 884, on a small chassis. 

Carrent ^^corde.f 
Re-lay Ctreuti 



Operation 

As the intensity of light falling on the cathode of one of the photo ' 
tubes increased, the anode current through this tube rose so that a '' 
potentiad was developed across the 10 Meg-Ohm. ^sistance forming ttnS ' 
anode load of that tube. This potential overcame the bias applied to 
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corresponding thyratron. At a certain stage, which could be adjusted 
the bias became of such a value that anode current started to flow in 
the thyratron, and the enclosed gas ionized instantly since the ionizing 
(xitential was exceeded considerably. The grid immediately lost corttrol 
and so a comparatively large current, 40-50 milHamperes, flowed, sufficient 
to close the relay firmly and so complete the armature circuit of the 
motor, causing it to rotate. As the phototube moved away from the 
light it was necessary that the motor should stop. This was easily 
arranged by supplying the plates of the thyratrons with A.C. so that 
the plate current stopped and the grid regained control for an instant, 
50 times a second. The slugging of the relay was sufficient to keep it 
closed without any chattering, but it opened instantly when the grid of 
the thyratron regained proper control. Tf light fell on the other photo 
tube the direction of the current through the armature was reversed so 
that the carriage moved the other way. Since both the bias and photo 
lube anode voltage were independently variable it was \ er>^ flexible and 
this gave an automatic means of averaging the current indicated by 
the galvanometer. 

As already indicated the potentiometer drum and pajier movement 
were similar to those in most recording polarographs. 

It was desired to draw the i>aper at a constant rate past the current 
recorder and at the same time increase the voltage applied to the polaro- 
graphic cell. For this purpose it was necessary that the paper pulling 
mechanism should be geared directly to the ix)tential divider supplying 
the cell so that distances along the pitpcr should indicate the voltage. 

It was also necessary that the change in voltage and the movement 
of the paper.should be very slow and it was anticipated that the voltage 
should rise from zero to 2 volts in about 15 minutes while the paper 
.should move about 12 in. Two sets of gears were available, one having 
a 12:1 and the other 6.5:1 ratio. A pair of type^writer rollers was to be 
n.swl to draw the paper through, and a wire-w^ound |X)tential divider 
with a sliding contact varied the voltage. 

The rollers drew through 13 in. of paper in three revolutions >o that 
the divider drum was made to have 3 x 6.5 19.5 turns of wire on it. 

The drum was turned from a 4 in. diameter rod of ebonite 6 in. long in 
which a square thread 3.5 turns ix^r inch was cut. Two strands of No. 20 
gauge Constantan wire were laid along the bottom of the thread and at 
the ends were passed radially to the centre of the helix inside the ebonite. 

An A.C. synchronous motor was used to drive this arrangement and 
a series of reduction gears employed .such that the pajx'r speed was 
about 2 cm. per minute. 

The sliding contact was a brass strip 8 in. x J in. x i in. freely 
pivoted at one end and weighted so that it rested firmly on the potentio- 
meter wire. It was found that if the sharply pointed contact was placed 
in the space between the two wires which were liberally coated with 
vaseline, a reliable connection was made and the pointer followed the 
wire as the drum rotated. 

In order to make each square on the graph paper correspond to 
some fraction of a volt, it was simply necessary to measure the distance 
which the paper travelled while die pointer moved from one 4siid of the 
drum to the other, and then adjust ffie voltage across the drum 
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In one experiment 15.3 in. of paper were pulled through and therefore 
the voltage was adjusted to 1.53 volts so that each inch corresix)ncled 
tc 0.1 volt. 

Alternatively it was possible when using paper ruled in cm. to make 
1 cm, correspond to 0.1 volt or 0.05 volt, etc., as desired. 



Fic. 2. — Recording unit. 


Adjustments 

The whole apparatus was set up as shown in the photograph ( Fig. 2 ) , 
the current and voltage recorders being screwed to a base board. It was 
from the windows which would render them un.stable. The galvanometer 
was mounted on two heavy blocks of copper to absorb vibrations from 
the bench. 

A galvanometer projector, containing a 6-volt, 25-watt lamp supplied 
from a 6.3 volt winding on a transformer, was mounted on the front 
left of the baseboard and an additional converging lens placed between 
the projector and the mirror to focus the image on the photo tube 
cathodes. When properly focussed a well-defined image of the filament 
could be thrown on the cathodes, of sufficient size to fill them completely. 
Several lamps were tried and the one selected had a short straight- 
coiled filament which gave a very intense light, ideal for the purpose. 

The graph paper was then inserted between the rollers and placed so 
that the rulings were parallel with the supporting member stay. The 
carriage was moved, by depressing the correct relay, to the front edge 
■of die paper, and an ordinary fountain pen clipped into the pen carrier, 
-which was loaded so that the nib rested lightly on the g^per, immediately 
at^e the writing roller. 
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The transformer supplying the lamp and heater current was tunicd 
on and the galvanometer mirror rotated until the beam passed between 
the photo tubes. The apparatus was then in readiness for an experiment. 
A typical polarogram is shown in Fig. 3. 



Voi(& 

Fic. 3. — Polarogram of lead, zinc, and cadmium ions, each 0.001 
molar. Supporting electrolyte molar jiotassium chloride, drop 
time 2.0 seconds. Actual size, 13 in. 
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A BACTERIAL DISEASE OF Dysoxylum spectabUe CAUSED 
BY THE PATHOGEN Pseudotkonas dy$o^yli n. sp.* 

By P. B. Hutchinson, Plant Diseases Division; Department of 
Scientific and Industrial Research, Auckland 

( lieceited for publication, 24th February, W4H) * 

Summary 

A diseasi* affecting approximately 99 per cent, of mature Dysoxylum 
spectahile is described The host plant occurs in coastal areas of the ^STorth 
Island and the extreme north-eastern portion of the South Island, the disease 
lieing present throughout. Although the pioportion of >*oung trees infected 
is less than that of mature trees, l)oth are .shown to be ecjually susceptible. 

The symptoms are (a) greasy, translucent leaf lesions, (b) “ shot-holes " 
in the leaf tissue, (c) greasy lesions in the leaf axils. Symptoms are present 
throughout the year hut there is less infection during uinter Transmission 
of the disease is effected by contact with diseased tissue and b\" rain -splash. 

The causal agent is shown to be a new, probabl^^ endemic bacterial jmtho- 
gen for which the name Pseudomonas dysoxyli n. sp. is proposed Its mor- 
phological, physiological and cultural characteristics are descril>ed. 

IXTKODrCTKlK 

Althoi gh fungous parasites are frequently rerorcled on the native 
flora, the occurrence c^f a bacterial pathogen is unique. This paper 
records a bacterial disease of the endemic forest tree Dysoxylum spec- 
fahile. This species is the only nicmlier of the genus Dysoxylum occur- 
ring in New Zealand and Dysoxylum is the only indigenous genus of 
the Meliaceae. The present host species therefore shows a high degree 
of endemism. 

Saccardo (1899) recorded the fungus Mchoh MacAlpini Sacc. et 
S 3 ’'d. on the leaves and petioles of Australian Dysoxylum species and 
subsequently (1906) recorded Rhoma dysoxyli P. Henn. on the same 
host. The various symptoms described in these reports are quite distinct 
from those under consideration in the present paper. There is no record 
in the available literature of bacterial infection of any members of the 
Meliaceae. 


Symptoms of thk Diskask 

The symptoms arc easily recognised macroscopically on both leaves 
and stems. Lesions have not been observed either on green or on rii>e 
fruits. 

Leaf Infection 

Symptoms are dependent on environmental conditions and the period 
during which the leaf has been infected. (See Pathogenicity Studies). 
However, they are usually evident in three, more or less separate, phases. 

Phase (i) ** Grease-spot '' condition: circular, greasy translucent areas 
sharply differentiated from the uninfected portion of the 
leaf and visible both dorsally and ventrally. .The zones may 
be up to 10 mm. in diameter. 

Phase («*) Corky ” condition : hard, greyish-brown to black, dry corky 
areas with a dead appearances. 

* Tlus paper is abstracted from a thesis presented as pffUrt of requirements for 

Degree. 
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- Pseudomonas dysoxyli n. sp. 

Phase {Hi) " Shot-holed ” condition : this follows when the dry, corky 
regions of Phase (ii) fall from the leaf, leaving areas entirely 
missing. These areas range in size from about 4 mm. in 
diameter to almost the whole surface of the leaf. The peripherj’’ 
of the abcised area shows a corky condition. 





j 


I'lG. I. J-eaf Showing Various Infwtion Phases. 

‘ A ’ — Karly ‘*X»rease-si)ot phase 
‘ P -I Ate “ Urease-spot ” phase 
' C -Abcission-ring commencing 
‘ P -Abcission>ring almost complete 
• K ’- -Completed “ Shot-hole ” 

(Photo, by P. B. Hutchinson) 


These phases are not absolute; each grades into the next as infection 
develops. Phase (i) is characteristic of young lesions, occurring about 
six days after infection. At this stage the tranducent portion of the 
infected leaf still appears to be living and bacterial cultures are easily 
isolated from any part of the infected area. Although this grease- 
vspot condition is Invariably preset in the initial stages of infection, 
the symptoms of the later stages are less regular. . 
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As the lesion ages the translucent area increases in diameter and the 
central portion becomes brown and brittle, but still yields viable bacteria. 
This brown portion in turn enlarges and encroaches on the translucent 
area. At this stage the first indications of ** shot-hole ’’ f oration 
, become evident. An incomplete abcission-ring forms, separating the 
lesion from the uninfected tissue surrounding it. Subsequently, de- 
pending on the speed of formation of the abcission-ring, the infected 
portion may become dry and brittle in the centre only or may extend 
over the whole area. Because of shrinkage of the dry tissue and com- 
pletion of the rupturev, the infected area falls from the leaf leaving the 
typical “ shot -hole 

The characteristic circular form of the lesions is modified when 
infection is centered at the mid-rib of the leaf. In this case longitudinal 
spread is more marked ; usually, the distal end of the lesion has a greasy 
appearance and the original seat of infection near the base of the leaf 
is excised. In some cases the mid-rib itself is severed. 



r 


Fig. 2.- - Mid-rib Infection. 

The older portions of the lesion have been excised but infection is 
still progressing distally. 

(Photo, by P, B. Hutchinsm) 


Stem anu Petiole Infection 

Lesions may occur on the smaller branches and leaf petioles. They 
are most ccanmonly found in the axils of the leaf petioles or the leaflet 
stalks. They are oval in shape, often attaining diminsions of SO mm. 
in length by 6 mm, in width. 
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FfG 3.- -Peti<)Io Infertion. 

Petiloe infection has caused death of leaf cm left 

(Photo, by P. B. JIutthmson) 


Typical lesions show three distinct zones : a central zone about 2 mm. 
wide, a narrow black band, and an outer zone with a “ water-soaked ” 
appearance. I'he central area is grey to brown in colour and appears 
dead, but the oiitermo.st zone, although distinct wliere it is adjacent to 
the black band, mergt's into normal green tissue towards the edge of 
the le.sion. 


DiSTKIRPTION and iNCIDrNCK 

In a survey of more than a thousand trees covering samples from 
practically the whole of the host range from North Auckland to Marl- 
borough, bacterial infection was found throughout. 

Of the mature trees* investigated, over 99 per cent, sliowed infection 
symptoms. In the case of younger trees, the proportion of those diseased 
dropped to approximately 10 per cent.f The Table shows percentages 
of infected trees from a sample district. 

• For the purpose of the survey, a mature tree was defined as one which pos- 
sessed at least twelve compound leaves. Such a tree was usually five feet 
or more in height. 

t However, artificial inoculation has sliown that young trees are as suscep- 
tible to infection as ate mature trees. See Discussion on Methods of 
Transmission for possible explanation of the difference between the pro- 
portions of the voung and the mature groups infected naturallv in the 
field. 
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Fig. 4. DisIribulMpn of the I^clerial Disease of liysoxyhm spcctahiU. 
The stippled arcps represent the approximate distribution of the 
host plant, rhe circle.H indicate localities front which isolations of 
the bacteria] ])athogen were made. 
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Infection D/^ta from D. speciahile in the Ruahine - Cook and 
Sounds — Nelson Hotanical Districts 


Locality. 

Maturity. 

No. of Trees 
Investigated. 

Total F*ercen- 
tage Infected. 

! Percentage with 
Recent Infection. 

Marlborough 

Adult 

3f» 

100 

66 


Young 

87 

16 

16 

York liay, 

Adult 

11 

91 * 

73 

■Wellington 

Young 

ilH 

8 

2 

1 

Paekakariki 

.Adult 1 

250 

UK) 

71 


No young tre 

es ; all nndergrowt 

h destroyed by ‘^h 

1 

jeep. 

1 


* 'i'his percentage is exf)lainccl by the presence of one disease-free tree. 


Witliin the d)stributi<jn area of the host, climatic factors vary con- 
siderably. Nevertheless, it is evident that the range of conditions 
tolerated by the pathogen is at least as great as that tolerated by the 
host. 


C ArsAL Agent 

Infected portions from sample trees were collected throughout the 
distribution area and subjected to microscopic and cultural investi- 
gation. 

Microscopically, symptoms of infection were constant. An abun- 
dance of rod-shaped bacteria was always evident in the leaf mesophyll 
and excessive gum formation in infected host tissue was prevalent. 

In cultural studies there was marked uniformity in the grey colour 
of the colonies apparent on the isfdation plates. Although colour was 
uniform, the form of the colonies was exceptionally variable, ranging 
from micro-colonies to thick films. These were later shown to be dif- 
ferent growth -forms of the same organism. 

Ninety-eight pure cultures were obtained from specimens of diseased 
trees rejiresentative of most of the distribution area. 

Young host plants were inoculated with each of these pure cultures 
under controlled conditions in the glasshouse. Those plants that had 
been inoculated with the grey culture developed symptoms identical with 
those occurring natu^all)^ and on re-isolation from typical lesions the 
grey colony form was again readily obtained. Plants inoculated with 
organisiji.s from colonies other than the grey type showed no infection 
symptoms. 


Description of Pathogen 

Morphology 

The bacteria normally <Kcur in pairs, although single organisms are 
occasionally present. They have tjfie form of short rods with rounded 
ends. Single rods vary in size from 0,6/i by 0.4f* to 1,0/i b.y 0.6/i, 
with an average size of 0.^ by 0,5/*. They are gram -negative (Hucker 
stain). The rods are motile, usually possessing a single polar fiagettum 
but occasionally two are present (Leifson stain). 
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Cultural Characteristics’" 

Beef ‘Peptone- Agar plate : 

Colony form is variable. Circular forms range from punctiform 
to convex colonies up to 8 mm. in diameter ; spreading growth also- 
occurs — this varies from diffuse films to thick sheets with dense edges 
covering much of the plate. The colonies are of a grey colour and are 
translucent. The surface is smooth and edges are entire to undulate. 
The medium is stained brown after one week. 

Beef-Peptone- Agar stroke : 

Growth is abundant, filiform, convex, glistening, smwth, grey in 
colour and translucent. It is of a butyrous consistency and is odourless. 
The medium is stained brown after one week. 

Beef- Peptone- A gar stab : 

Scant filifonn stab growth ; surface growth moderate, flat, smooth, 
glistening. The medium is browned at the top and along the line of the 
stab after one w^ek. 

Gelatin stab : 

Slight filiform stab growth. Medium stained brown at top. No 
liquifaction up to IM) days. 

Nutrient broth : 

Dense flocculent pellicle at surface. Strong clouding after two- 
to tliree days. No odour. Abundant flocculent sediment. 

Purple milk : 

No change up to four days. After 12 days half an inch of amber whey 
present at tlie top with one inch of flocculent pink precipitate at the base. 

Potato slice : 

Abundant buff-coloured growth after seven days. Moist, glistening, 
smooth. Potato stained bn;wn. 

Physiology 

Fermentation of Carobhydrates, 

No gas was formed in stab cultures of media containing the following 
carbohydrates : — 

Arabinose, rhamnose, glucose, fructose, galactose, lactose, sucn^se, mal- 
tose, raffinose, melizitose, starch, inulin, dextrin, glycerol, mannitol, 
salicin. 

Reaction on Carbohydrates, 

No acid was produced in the basal synthetic medium. Acid was 
produced within three weeks on media containing the following carbohy- 
drates : — 

Glucose, fructose, lactose, sucrose, raffinose, and mannitol. 

No acid production was evident within the same period in the basal 
synthetic medium plus the following carbohydrates : — 

Arabinose, maltose, melizitose, starch, inulin, dextrin, glycerol, or 
salicin. 

The type of carbohydrate available has considerable influence on 
the growth of the colonies, the best growth occurring with fructose 
and maltose. 

Indol Production, 

The (iorc modification of the Ehrlich-Bohrae test showed no indoV 
production on tryptophane broth after seven days,, 

♦ Difco ” m<^lia used throughout. 
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Hydrogen Sulphide Production, 

The lead acetate test -strip method revealed no hydrogen sulphide 
production on a medium containing available sulphur. 

Diastaiic Action. 

On a medium containing soluble starch, treatment with Lugol’s 
solution revealed strong hydrolysis after four days. 

Methyl Red and Voges-Proskauer Reaction, 

Negative results. 

y Urate Reduction. 

The sulphanilic-acid -a— naphthylamine reagents showed no pro- 
duction of nitrates either in broth or on solid medium. 

Temperature Relations. 

The optimum temperature for growth is 25 c. although cultures 
can he maintained at a temi>erature as low as 4 c. or as lugh as 36 c.; 
however, growth at these extremes is poor. 

Temperature also influences the longevity of cultures. Broth cul- 
tures stored at a range of temperatures from 4 c. to 36'^c. were all ahve 
at the end of 18 days but above viability decreased rapidly. 

Though no measurable increase in the number of organisms occurred 
uj) to 18 days at 4 c., cultures held for two months at this tem])erature 
were still viable and still pathogenic. Cultures held for two months at 
36 c. however, did not yield viable isolates. 

Classification of the Pathogen 

'rh(* fact that the organism is a gram -negative, non spore forming 
])lant pathogen, motile by a polar flagellum and producing a water 
soluble ])igment places it within the genus Pseudomonas Migula 1894. 

Hergey et al. (1939) divide the family Pseudomonadaceae into several 
genera and place the plant pathogens in the genus Phytomonas. Patho- 
genicity, as a character for limiting a genus, is questioned by Burk- 
holder (19^10) and further, Klliot (1937) has suppressed the name Phyto- 
monas on the grounds that it is a homonym. 

W. J. Dowson (1939) has redefined the genus Pseudomonas and has 
excludeci from it organisms producing acid in lactose, maltose and 
salicin. According to Dowson, those organisms p>roducing acid from 
any of these 'carbohydrates must be accommodated within the genus 
Bacterium (organisms motile exclusively by peritriciate flagtdla), or 
within his newly erected genus Xanthomonas (which is reserved for 
• organisms yellow in the mass on nutrient agar and on ])otato "). 

The organism under consideration produces acid from lactose (but 
not from maltose or salicin), possesses a single polar flagellum (rarely 
two), is grey in the mass on nutrient agar and buff-coloured on potato. 
It thus cannot be placed within any of the genera defined by Dowson. 

However, it is proposed that, rather than erect a new monotypic 
genus, the organism be included in the genus Pseudomonas, notwith- 
standing its suggested restriction. 

Thus the name Pseudomonas dysoxyli n. sp. is proposed for the 
organism. 
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Pathogenicity Stubies 




Fffect of Inoculation under Controlled qpnditions. 

'I'he illustrations follow the progress of infection m the same terminal 

’^g®S* 1-18 Days After Inoculation. - (irease-spots ” evident but 
localized to the points of inoculation. , 

Fig 6 -28 Days After Inoculation. '* Corky ” condition becoming 
onnarpnt and shot-holc " phuse commencing. 

Fig*. 7.-34 Days After Inoculation. One lesion has progressed to 

Fig^'I?.- ' 38°Days Aft^ Inoculation. Severe inCe<g|jon has induced 
general chlorosis. tu P. P. 
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Age of Trees Infected 

A range of host plants varying from seedlings 3 in. in height to mature 
trees of 40 ft. were inoculated under forest conditions. Infection resulted 
in all cases. There was no gradation in the period required for infection 
to become evident nor did the age of the host plant appear to govern 
subsequent development of lesions. 

Age of Leaves Infected 

Infection was easily demonstrated in leaflets ranging in length from 
less than J in. to leaflets over 8 in. long which had been labelled more 
than a year previously. The age of infected leaves, however, app>ears to 
affect subsequent development of lesions. On older leaves, the “ grease- 
spot ” phase tends to be shortened, with the result that “ shot -hole 
formation occurs earlier. Thus lesions are usually smaller than those on a 
younger leaf under the same conditions. Large leaves, when recently 
infected commonly have many small shot -holes of 1 to 2 mm. in dia- 
meter, whereas younger leaves show larger grease-spots and “ shot- 
holes 

Seasonal Kffects 

Casual observations indicate that, although symptoms of the disea.se 
are j>resent throughout the year, maximum development of lesions 
occurs during the summer months. To give this generalization a statis- 
tical basis and in order to find if correlation ^^^th climatic or biotic factors 
was possible, inoculations were made and lesion areas measured through- 
out the year. 

Every 20 days, 40 inoculations of lea^'e.s oi uniform-size with a day- 
old culture were made. At periods of 20 days and 40 days after inocu- 
lation, the area of each lesion produced was measured. 

The recordings and measurements are shown graphically below. 
The humidity (i.e. relative humidity) curve was obtained by averaging 
readings over ten day intervals ; the temperature curve was similarh’ 
obtained and refers to the minimum temperature. The lower limit of 
the shaded region represents the average area of the 40 lesions 20 days 
after inoculation, and the upper limit, the average area after 40 days. 
The shaded region denotes the average increment in lesion area over the 
intervening twenty -day period. 

Discussion qf Results 

It was i)ossible to achieve mfection throughout the year but inocu- 
lation at different seasons produced lesions varying considerably in area 
within the twenty-day or the forty-day period. 

In the period from October until early March, viz, during summer, 
the lesions produced were of much greater area than lesions produced 
during the rest of the year. During this summer period, it will be noted 
that there was a marked correlation between humidity and the areas 
at 40 days, and that the increment, i.e. the difference between the areas 
at 20 days and 40 day^, was also associated with humidity, reaching a 
maximum with the maximum humidity and falling rapidly when mini- 
mum humidity was attained in Match. 
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From April to September, the autumn and winter seasons, there was 
no such correlation between humidity and lesion areas, the humidity 
being maintained at a high level (about 90 per cent.) and the average 
lesion sizes at areas less than 10 sq. mm. During this period however, 
the minimum temperature had fallen to its winter level of between 7^c. 
and 10®c. Although laboratory tests showed the organism to be viable 
at those temperatures, growth of the organism within this range was poor. 

It therefore appears that the minimum temperature is a limiting 
factor in lesion development, small lesions resulting from inoculations 
in the period from late May to September, when minimum temperatures 
seldom exceed 10°c. During the summer months lesion development 
appeared to be governed by humidity. 

An additional factor appeared to bo controlling development in the 
period from late October to early November, when, although humidity 
and temperature were both low, moderately large lesion areas were 
recorded. Conversely, in the April and early-May period lesion area 
was small, notwithstanding relatively higli humidity and temperature. 
It is possible that a single factor could account for the apparent dis- 
crepancies in correlation for both of these periods, viz, the state of the 
inoculated leaves. It nia)^ be postulated that the young spring growth 
in the October period favours the development of Unions although con- 
ditions are well below optimum, an<l that the maturing and hardening of 
leaves about April commences a period of small lesion development 
despite favourable climatic conditions. (Since these data are drawn from 
measurements taken in a single year it is not desirable that definite 
conclusions should be drawn and the postulates above are tentative 
only.) 
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spectabile Caused by the Pathogen 
Pseudomonas dysoxyli n. sp. 

Transmission of the Disease 

From the widespread occurrence of the disease, it is apparent that 
the pathogen is readily transmitted. A series of experiments was 
cfmducted to determine methods by which transmission may be effected. 

Contact Between Infected and Clean Leaves 

Under natural conditions in the forest, portions of diseased leaves 
fallen from *' shot-holes or leaves that have become detached due to 
petiole infection, are commonly found adhering to clean leaves. The 
sticky nature of the lesions under moist conditions facilitates adhesion. 

Experiments were conducted to determine whether this contact be- 
tween infected and disease-free plants provided a means of transmission 
of the pathogen. Diseased leaves both attached to the plant and re- 
moved from it, were placed in contact with uninfected leaves. Ventral 
and d<irsal leaf surfaces were paired in all possible combinations. A 
similar arrangement was repeated using disease-free leaves that had been 
deliberately damaged. 

Within 14 days those leaves disease-free at the time of pairing showed 
symptoms of infection. In the case of the damaged leaves infection 
occurred within seven days. 

Fragments of diseased leaves and portions of tissue excised during 
“ shot -hole formation are commonly found on the ff)rost floor. These, 
even when they appear to have been separated from the parent plant 
for long periods, invariably yield viable isolates of the pathogen when 
plated. It thus appears that the organism will remain viable in such 
tissue for more or less extended periods, and that the raw humus must be 
regarded its a potential source of infection. 

Transmission by Water-droplets 

Water droplets which had been in contact with one of a range of 
leaves each showing a different phase of infection, were permitted to 
drop on to either the ventral or the dorsal surfaces of disease-free leaves. 
Some of these disease-free leaves had previou.sly received dorsal or ventral 
incisions with a .sterile scaljHjl and some were left undamaged. 

The results showed 

(1) Transmission of the organism in water-droplets is possible. 

(2) WhcTeas the corky periphery of '' shot -holed tissue will not yield 

pathogenic organisms, lesions in the “ grease-spot " or early 

“ corky-phase '' arc infectious. 

(3) Tht' ventral surfaces of undamaged leaves arc more susceptible 

to infection than are the dorssil surfaces. 

(4) Loaves that have been previously damaged show infection symptoms 

after a shorter period than do undamaged leaves. 

Leaflets of young disease-free plants in the forest, inoculated by the 
scalpel -wound method developed typical .symptoms. Later examination 
revealed considerable infection of leaves l>elow those artificially inocu- 
lated, but no infection was evident in the leaves above. In view of the 
fact that the pathogen is not systemic, it is inferred that transmission 
was effected by rain-drops. 

Discussion on the Methods of Transmission 

Data from glasshouse and field experiments indicate that both 
contact with diseased tissue and water-carriage, i.e. in heavy dew', 
rain-dripping and wind-blown rain, are possible means of transmission 
of the disease under natural conditions. 
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These methods would, in general, be effective only over short dis- 
tances and they appear inadecjuate to explain the presence of the patho- 
gen throughout the discontinuous range of the host. Transport of the 
organism over long distances is doubtless possible by means of insects, 
birds or wind, although these appear far less positive than the methods 
cited above. 

However, contact and water-carriage would have been quite adequate 
for spreading the pathogen throughout the range of the host if, as pointed 
out by Cockayne (1928), “ —the (present) coastal tree florula i.s but a 
remnant of one much larger — Alternatively, it is not impossible 
that the organism has been associated with the host almost since its diver- 
gence from tropical ancestors and has accompanied it in its distribution. 

Viability data have shown that the pathogen is capable of overwin- 
tering at lower temperatures and for longer periods than those recorded 
in any habitat of the host. Similarly, the viability of the organism is 
not affected by the higher temperatures and lower humidity of summer, 
since these conditions do not approach the extremes which the pathogen 
withstands under laboratory conditions. The environmental range 
tolerated by the pathogen is thus greater than that tolerated by the 
host. Therefore, once the disease has become established in a region, 
its complete extermination is unlikely, since constant local transmission 
would tend to keep the trees infected indefinitely. 

Summed up. it appears that transmission is normally accomplished 
by contact methods and by transference of the i^athogen in water- 
droplets (with or without the agency of the wind). In addition, birds 
or insects may be vectors. Any one, or po.ssihly several or all, of these 
methods could account for dispersal. 

Discussion 

The pathological condition of Dysoxylum spedabile is of special 
intere.st in that it is the only recorded example from the native flora in 
which a bacterial organism is the causal agent. 

ExteiLsive inoculations of other possible hosts have not been carried 
out but it appears probable that the pathogen is specific to this single 
hf)st. As the host is endemic to New Zealand, the pathogen, if it is 
indeed specific to this host, is also endemic. 

Altlunigh in the past little attention has been given to bacterial 
infection of native plants, it is not improbable that this disea.se of D, 
spedabile is one of many examples of pathological conditions induced 
by bacteria. 
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PRELIMINARY REPORT ON USE OF PHOTOGRAPHIC 
EMULSIONS FOR RECORDING COSMIC RAY TRACKS AT 
HIGH ALTITUDES IN NEW ZEALAND 

By J. W. Bkagley ami A. C. Stan bury, Geophysical Observatory, 

Christchurch 

(Received for f^uhlication, 19th May, 1949) 

In the latter part of 1948 six dozen nuclear research plates were 
obtained by the Geophysical Observatory from Ilford Ltd. with the 
object of launching a high altitude cosmic ray programme, hitherto not 
jjerformed in New Zealand. This method of cosmic ray research has 
received much attention in recent years (1), (2), (3), and it is antici- 
pated that the results obtained in this country will be of value for 
comparative purpo.ses with the data recorded in the Northern Hemis- 
phere. As a preliminary experiment the plates were distributed at 
\arious altitudes on the following mountains: — 

Mt. Herbert . . 2,997 ft. 

Mt. Kolleston .. 7,250 ft. 

Mt. Ruapehu . . 9,100 ft. 

Minarets . . . . 9,700 ft. 

In addition it has been possible to expose plates between 25, (KX) and 
40,000 ft. in a Mosquito aircraft. b>om the information recorded by 
these plates, data on the occurrence of various disintegration proces.ses 
at each altitude will be obtained. The phenomena recorded by the plates 
are of course quite varied, but since a permanent record is obtained 
other projects are possible at any time from the same exposures. 

During exjxjsure, plates are merely placed in a suitable watertight 
container and left for an appropriate time at each site. No other equip- 
ment is necessary for this aspect of the programme as the cosmic rays 
penetrate the container and wrappings of the plates without noticeable 
effect. After a period which ma}' vary from six weeks to two or three 
months (or in the ca.se of the aircraft flights, only several hours) the 
plates are recovered ami processed in a similar manner to ordinary 
photographic plates. 

Action of a Cosmic Ray Particle in thk Kmclsion 

1'he passage of a cosmic particle through the small silver halide 
grains of a photographic emulsion renders them developable, the density 
of grains depending on the rate of energy loss of such a particle ( 4), 
However, because of the great density of atoms in a solid as compared 
with a gas, their range in the emulsion is only about one two-thousandth 
part of the corresponding value in air. As a result, when the plate is 
examined under a microscope the tracks of the particles appear in the 
form of lines of black silver grains, the length of which depends on 
the energy of the cosmic ray particles. 

Since the energy lost by a particle to an atom or group of atoms 
which it encounters depends on the time it takes to pass through the 
“ sphere of action of such atoms, it is found that a slowly moving 
particle will ionize mote heavily (i.e. affect more grains) than a particle 
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of greater velocity carrying the same magnitude of charge. Thus, for 
example, a proton will, on the average, affect more grains in a given 
length of track than the lighter meson which travels much faster when 
the two particles possess the same initial energy. Since also the sphere 
of action is larger for a particle of greater charge, we find that a doubly 
charged particle will ionize more heavily than a singly charged one of 
the same velocity. Again, as a particle nears the end of its range it 
travels more slowly, and it is thus to be expected that the grain density 
would increase somewhat towards the end of the track. The plates used 
for this work are not capable of responding to electrons, since even 
low' energy electrons move with tremendous velocities. 

The above discussion illustrates the action of a cosmic ray particle 
in the emulsion, and provides a method for distinguishing between the 
tracks left by different particles. 

Determination of Grain Den.sity 
In determining the grain density it is necessary to count, from the 
end of the track, the number of individual grains in successive intervals 
of some convenient length (about SO fi) along the trajectory (5). If 
“ N is the total number of grains in a track of residual range “ R,’’ it 
is found that on plotting log N again.st log R for each interval, a series 
of points is obtained which lie on a straight line. Another track of 
greater grain density, hence higher value of log N, will give a line dis- 
placed from the other to a greater or lesser extent. Thus, since each 
particle gives rise to a definite grain density, this is a convenient method 
for identifying the various cosmic ray particles to which the tracks are 
due. 

Owing to the variable concentration of active material in the emulsion 
the points seldom fall on a perfectly straight line. Again if the plates 
are not developed soon after exposure there is a fading of the latent 
image which reduces the density of the individual grains. It is found, 
therefore, that if several tracks are examined and plotted as described, 
the lines obtained fall into groups rather than being coincident. 

Fig. 1 shows a group of meson tracks as observed in plates exposed 
for 36 days on Mt. Ruapehu. The dotted lines indicate roughly the 
positions of the groups of tracks due to a particles, protons, and mesons, 
as obtained by overseas workers ( 5 ) . 

Interpretation ok Cosmic Ray Tracks 
If the plates are exposed for a short time and developed as soon as 
possible this method of interpretation is (juite satisfactory. On the other 
hand, if the exposure time is fairly long and events are recorded some 
weeks before the plate is processed, the fading of the latent image be- 
comes very important. It is apparent, for example, that when a proton 
track has faded sufficiently it W'ould not be distinguishable from a newer 
meson track, as far as grain density is concerned. Thus too much 
reliance must not be placed on these data aloni^; more evidence of a 
different nature is necessary to be able to state definitely that a track 
was due to the passage of a particular particle through the emulsion. 

TTie rate of increa.se in grain density at the end of a track is a 
characteristic of the particular particle involve<l. Thus, even though the 
track may have suffered a certain degree of fading, the particle to which, 
it wasdiue can be identified. The path followed by a particle is also to 
some <ixtent a characteristic of that particle, e.g., a meson, being a ligta ^ 
particle, is markedly deviated from a .straight line by many daftk ^ 
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collisions. A proton being much heavier is scattered very little and the 
increase in grain density at the end of its range is less marked than for 
the meson track. 

Through such considerations, it is possible to interpret the events 
recorded by the plates with reasonable certainty. This methoil, however, 
calls for a great deal of tentative interpretation until the emulsion has 
been “ calibrated.” It is thus necessary to find quantitative characteristics 
of each type of track. 

Unfortunately it is not yet possible to obtain sufficiently accurate 
grain counts to attempt this methoil of interpretation. It is necessary 
to be able to resolve the grains under the microscope to such a degree 
that an accurate count can be made. Overseas workers are using mag- 
nifications up U) 2,000 diameters with the best possible resolving power. 
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It is unfortunate that at present such equipment is not available to the 
writers, who are, as yet, able only to take approximate grain counts of 
comparatively sparsely populated tracks (as those left by mesons). In 
Fig. 1 there are significant departures from a straight line along the 
various points recorded ; these are in large part due to inaccurate counting 
owing to microscope limitations and, to a lesser extent, irregularities in 
the available grain concentration in the emulsion. 

Photographic Mosaics ok Tracks 
Until the required equipment comes to hand it is not iwssible to do 
much quantitative work, but in order to illustrate the type of phenomena 
recorded photographs of tolerable quality have bi*en obtained. Two of 
them are reproduced with this paper. In order to produce such 
prints it is nearly always necessary to take several exposures and make 
up a mosaic of these to obtain the complete event. Such a procedure is 
required because all the tracks of an event are seldom in the same plane 
and the microscope has very limited depth of focus. When sufficient 
data is collected to “ calibrate ** the emulsion it will be pos.sible to inter- 
|X)late tracks of which perhaps only the first lOOju is visible. As yet, 
however, it is possible only to give a tentative interpretation of these 
events. 



Fig. 2 
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Vig. 2 shows the result of a disintegration of a nucleus, possibly 
of oxygen, by a cosmic ray particle. The tracks are tentatively ascribed 
to four protons and two a particles. Three of the proton tracks pass 
out of the emulsion so that their range and hence their energy cannot 
yet be determined. The nature of the particle giving rise to this disinte- 
gration cannot be determined, although it will later be jwssible to estimate 
the energj'^ required to produce the disintegration 

Fig. 3 shows the disintegration of a heavier nucleus resulting in the 
emission of six protons, five a particles, and other heavier nuclear 
fragments. All tracks have not been reproduced in full as some are 
t<jo weak to be recorded with the present photographic technique. This 
event has suffered some degree of fading and all tracks are somewhat 
thinner than would bt* exoected. The change in direction of one of the 
a particle tracks indicates that it has suffered an elastic collision with 
the nucleus of an atom of the emulsion. One of the proton tracks has 
also been deflected but to a much less marked degree. Such encounters 
are comparatively rare as can tie judged from the many other long 
straight tracks of these two events. There are in all 14 tracks from 
this disintegration visible in the original; only five of these’ end in the 
emulsion, the others terminating on one of the surfaces. Since some 
of the tracks <lip more steeply in the emulsion than others, these two 
dimensional pictures give a false impression of grain density. 
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]n addition to those plates exposed without any shielding material, 
there are some now in the course of exposure under a layer of paraffin 
in order to obtain disintegrations by neutrons in the emulsion, and others 
under lead, to study the secondary effects of showers produced in the 
lead. 


I'utuke Work 

It is hoped in the future to obtain more information of this typi* if 
these preliminary experiments are fruitful. Plates will be shielded by 
different materials, and distributed at various altitudes in order to cover 
as much of the cosmic ray spectrum as possible. 

It was found that the photographic technique yields an enormous 
amount of material with a minimum of effort and expense. The inter- 
pretation and analysis of the results, however, is a slow process; it is 
possible to examine only about 1 cni^ of the plates per day. On one of 
the plates examined to date, exposed on Mt. Ruapehu it was found that 
54 ** stars and many other single tracks were recorded on 0.5 sq. cm. 
of the plate. 
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SOME OBSERVATIONS ON E REGION EFFECTS 

By A. L. Gardner, Geophysical Observatory, Christchurch 

{Rvceivcd for publicaiion, 12ih March, 1919) 

lu'JioKS observed in the region below about 200 kilometres are 
frec|uenlly complex and show considerable stratification into well defined 
and separate regions. At observatories of the New Zealand Department 
of Scientific and industrial Research regions under i'l are interpreted 
as being from either El, E2 or Sporadic E. 

Christchurch 

With the exception of the Christchurch Station (43.5°S. 172.7°IC) 
Tione of the New Zealand stations has been in reliable operation for 
a sufiiciently long enough time for a detailed examination of results to 
be made. Lincoln (Christchurch) automatic recorder has been in opera- 
tion since Novembt*r, 1944. Previous to that the recorder used was a 
lower powered and less reliable model. 

Fiji 

A recorder similar to the Christchurch equipment was operated ff)r 
one year at Tamavua Valley (IS.O^S. 178.2^E) near Suva but owing 
to equipment and servicing difficulties the recorder has been dismantled. 
Results obtained were not consistently goo<l. 

Campbell Island 

This station, a manual type, was for a considerable time the highest 
southern latitude station, being located at 52.S®S. 169.2°W. Observation> 
])rior to 1947 were, during some [xTiods, somewhat doubtful. 

Karotonga 

The Observatory (21.3°S. 159.8^W.) here was established to check 
foh'2 values with Maui, Hawaii and observations were largely confined 
to 1"2 in the early ix^ricKl. However, during the past year full results 
ba\e been obtained from the new^ m<Tnual equipment. 

Raoul Island 

May, 1943, saw the establishment of this manually o()erated station 
at 29.3‘^S. 177.9°W. but until a year later only partial results were 
obtained. 1'he .station was closed in March, 1947. 

Pitcairn Island 

A manually operated station at Pitcairn (25.0°S. 130.0° W.) tvas 
tiperate<l for nine months during 1944 and 1945. Owdng to inexperienced 
staff no great detail could be obtained from these records. 

Automatic Ionosphere recorders have the advantage that recordings 
are taken at constant speed and with constant receiver gain. On the 
other hand there is little indication of amplitude of received echoes. The 
careful recording of echo amplitude at manual observatories show’cd 
that Sporadic E traces could 1 h‘ divided into several types. Two, main 
types of Sporadic E echoes were observed. Tbese are called “ intense 
and “ normal ” respectively. 
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Intense Sporaihc K 

The intense type of h's has strong echoes and multiple reflections 
were almost invariably present. At Kaoiil Island, where most of the 
observations were made, intense Es frequently formed by the gradual 
lowering in height of strong E2 region echtn^s. It was found that if in 
the early morning E2 echoes were very strong there would certainly be 
a change into intense E2 later in the day. As the virtual height o/ E2 
decreased the penetration frequency increased slowly and the cusp in 
the curve became less well defined. The next change was usually that 
the trace appeared more like a Sporadic region in that there was no 
retardation at the point where the layer was penetrated and usually the 
Es and FI traces overlapped by .1 or 2 mc./s. About this stage the 
ordinary and extraordinary ray traces ran together and the trace ma\' be 
said to have become truly Sporadic E with a virtual height of 115 to 
140 kilometres. Most usually the ionosphere remained in this state for 
se^'eral hours but occasionally the maximum frequency at which echoes 
were received increased rapidly, usually blanketing a considerable ]X)r- 
lion of the I"' region trace. In the early part of the day fEs fre(juently 
oscillated between high and low values but towards evening usuall}' 
became strongly ionized for considerable ptTiods. With this type «)f 
Sporadic E the ICl region trace was usually unaffected. 

If the frequency at which the E S|K)radic region is partially jh-ik- 
trated (blanketing frequency) is below foF2 so that echoes after pene- 
tration are returned to the recorder, it is usually fouixl that echoes <lro|) 
sharply in amplitude when penetration occurs, with a second drop of 
.9 to 1 me. later where the extraordinary ray penetrates. In most cases 
echoes do not continue past this frequency but occasionally a weaker 
echo may jH'rsist. This would indicate that the ordinary and extra- 
ordinary ray traces are still separate although they cannot be resohed 
by the equipment. 

Echoes received from this tyjx* of Sporadic K are usually wry 
sharply defined and .show no tendency to scattering. 

lnlen.se Es is also formed below the ICl region. The formation and 
dis;ipjx;arance of this type is more erratic than the behaviour of the 
previous tyi)e. The main distinguishing feature between the two ty|jes 
of trace is that with this type El echoes are usually blanketed. Occa- 
sionally a rather poorly defined inflection is seen in the curve .3 to .5 me, 
below what would normally be the ICl penetration frecjuency for the 
hour observed, but this is not regarded as being foEl. When the 
Sporadic E trace fades this inflection disappears. With this type of 
Es strong echoes usually continue to a considerably greater frequency 
than that at which penetration of the region occurs. The penetration is 
usually gradual and the exact frequency at which it occurs is difficult 
to determine as the first echoes from I" region grow ** slowly in ampli- 
tude. Sporadic E echoes of this type f fluently persist for many hours 
or even several days. Scattered echoes are not uncommonly observed 
especially at the upper frequencies. Occasionally scattered echoes apfiear 
as a false cusp in the curve due to the vertical incidence echoes passing 
completely through the region while echoes are stjp returned at slightly 
j^bJique angles. 
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Normal Es 

(a) Above El 

A very common type of trace with weak echoes usually persisting 
for less than one megacycle above El penetration frequency. It may 
occur in ever}* record on days when it i.s observed and with the approach 
of evening will form type b.” 

( h) Night-time Es 

A relatively weak and scattere<l echo which may persist all night 
but often disapi>ears soon after midnight. The upjx^r frequency is 
usually between 2 and 3 mc./s. and doe.s not change much with time. 

(c) Early Morning Es 

About dawn when absorption is very low a very scattered echo is 
almost invariably observed. These echoes frequently obscure bH and E2 
traces for about two hours after dawn. 

At Chri.stchurch the F- region trace is almost always obscured by a 
scattered, weak rcflt'ction extending from about 70 km. through to 150 
km. or more. Loop measurements of direction of arrival indicate that 
these echoes are probably from the Southern Alps which lie about 70 km. 
from the recorder. 


b'RKQl^KNCY Of- OCCVRRENCM OF Rs 

The records from all the New Zealand stations were examined to 
check on the frequency of occurrence of intense Sporadic E. b'or con- 
\enience Sporadic K which continued in frequency past 7 mc./s. wa.s 
taken as the measure of Sporadic I*" activity. The percentage of occur- 
rences was calculated for each hour during each month. The figure^ 
for each hour were then added to give an activity figure for each memth. 
Christchurch was the onlv station in ojxration for any considerable 
period and the results from this recorder are reproduced in Fig. 1. 


Oceurrt«ic« S^Pmg/ic E abovB 7 mt^M. 
Chrittchureh 
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The shows very clearly that there is a summer maximum of 

activity with a lesser maximum in midwinter. The Spring minimum in 
September-October is much better defined than the flatter Autumn 
minimum. Of the fifty-six months examined there were only three dur- 
ing which no Sporadic E was observed above 7 mc./s. 

It would appear that Sporadic E activity at Christchurch is at a nuixi- 
mum during the sunspot minimum and that activity decreases during 
the rise of the sunspot curve. The two months of highest activity w^hich 
do not fit the general pattern, December and January, 1949, were also 
months of unusually <listurbed F2 conditions. 

Other Stations 

Although shorter periixls were observed at other stations, in general 
the form of the curve of activity appeared similar in all cases. Fiji 
station had much more intense Sporadic E than Christchurch during its 
year of operation whereas values from Raoul Island were less. Carnpliell 
Island records are less complete but it appears that the variation there 
is less from month to month and the peaks of activity occur one month 
later. 


Conclusion 

While as yet only a comparatively short period of time has elapsed 
during which recorclings have been made it is obvious that continued 
operation of the island stations will give information about the spatial 
and time distribution of Sporadic E activity, uncomplicated by any 
possible land mass effects. 

This work was carried out as part of the programme of the Gkx)- 
physical Observatory, Department of Scientific and Industrial Research. 
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OLEO-CASEIN PAINT 

By W. K. Mummeky, Dairy Kesearch Institute (N.Z.), 
l^almerston North 

{Received for f^tibUeatioti, 21 December J94S) 

Summary 

An oleo-cascin paint consisting of a linseed oil in water emulsion 
stabilized by a casein solution and mixed with a pigment blend of lithopone, 
wliitiii)4 and barytes gave satisfactory results as a road traffic paint, 
replacing for some purposes during the war years the j)reviously employed 
organic sohent paint, thus assisting in conserxing the supplies of benzene 
and alcohol. Potassium dichromate, added as a hardening agent for the 
casein, increased the durability of the casein film. The paint has been used 
for coating bridge ajiproaches, kerbs, lamp standards, telegraph poles and 
the interior of milking sheds. If only high grade jiigments are used, it 
can be employed as an interior coating in dwelling houses, offices and 
stores and also, under g<K)d atmospheric conditions, in factories. 

Introdi’ction 

'riiE use of casein in the i)reparation of water paint has been practised 
for many centuries. Michael Angelo, for instance, is said to have em- 
ployed a combination of sour milk, oil and pigments for producing high 
light eflfects in mural decorations (1). As a commercial product oleo- 
casein paint was introduced about 30 years ago. Casein is used as the 
spreading agent in the formation of an oil-in-water emulsion to serve 
as a vehicle for the pigments and to assist in the formation of a durable 
film. (31eo-casein paint is sold in paste form at about half the price of 
oil paint and is regarded as a useful intermediate between oil and water 
paint. 

The manufacture of oleo-casein paint has proved successful in the 
United States and luirope where the product has received care and 
attention throughout each stage of the process. In the former country, 
interest was stimulated by the extensive use of exterior casein paints at 
the Century of Progress Exhibition at Chicago in 1933 and 1934, where 
flat paints were required for night illumination. In New Zealand prior 
to 1939 there were several nroprietary brands of oleo-casein paint on 
the market, but the majority were irregular in quality and showed many 
defects which included lack of durability, decomposition during storage 
and sedimentation of pigments. The present investigation arose out of 
a shortage of certain ingredients of paint used for marking roads, 
brides and for general road-safety marking purposes. The paints 
required were of the.tjvu following dasses : — 
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(1) Traffic line paint which required the utilization of natural gums 
dissolved in a vehicle such as petroleum spirit or denatured alcohol, for 
asphaltic, bitumen or tarred surfaces. 

(2) General service roadside paint which with an oleo-casein base 
was to be serviceable for kerbs, bridge approaches, fences, lamp stand- 
ards and telephone poles and was to be prepared, if possible, from 
ingredients which could be supplied locally. 

The Wellington District Committee for Paint Investigation was re- 
quested to investigate the composition of casein paint in order to produce 
a suitable specification that could form an emergency standard for a 
general service, or roadside traffic paint (class (2) alxwe). As a pre- 
liminary, samples obtained from all the New Zealand manufacturers of 
casein paint were tested for resistance to traffic abrasion and for water- 
resistance. 


hlx PERI M KKTAL T EC 1 1 N KJCE 

Preliminary Tests 

Traffic Abrasion Test 

This test was made with the use of an electric turn-table of diameter,. 
12 in., on which could be placed a metal plate coaled in sections with 
different samples of paint and with a control sample of known quality. 
When the table was set in motion an arm bearing a small iron trolley- 
wheel was lowered until the wheel touched the moving metal plate and 
was likewise set in motion. 7'he apparatus was run for a standard i)eriod 
of time. The condition of the surfaces was then examined and compared 
with that of the control sample. 

Water- Resistance Test 

One full coat of the paint was applied to the surface of a smooth 
red facing-brick and was allowed to dry for two hours at normal room 
temperatures (60-65 ° f,) and at a relative humidity of not less than 85 
per cent. It was then subjected for 15 minutes to a spray of cold water 
issuing from the bottom of a one-gallon container, through 25 holes, 
each spaced at one-inch intervals in the form of a four-inch square. 
During the test the water container was suspended so that the spray 
fell 24 in. to the painted surface of the brick. 

Dcx^elopmeni of Rew Formulae 

The proprietary paints did not pass either the abrasion or the water- 
resistance tests. Attempts were therefore made to find an improved 
formula. The work, consisting of three series of trials, may conveniently 
be considered under the following six headings. 

(1) Composition of Vehicle 

Casein, — Lactic casein was found to he effective as an emulsifying 
and a binding agent for paints to be used on surfaces that are com- 
paratively non-absorbent. When the surface for painting was porous, 
however, as on certain types of building board, it was found necessary 
to use animal glue with the casein. Equal parts of casein and animal 
glue make an excellent combination for this purpose. The film produced 
by casein alone was found to be bripi^hter and more water resistant than 
that containing a proportion of animal glue and ttlerefore casein was 
used in Series 2 and 3 whenever possible. Previous work on developing 
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a casein surfacing for butter boxes suggested a formula utilizing 
ammomium carbonate and sodium tetraborate (borax) as the solvent 
agents. 

Oil . — Paints made with tung oil were found to produce a more 
durable film and to permit less fungal growth than paints made with 
addition of the same proportion of linseed oil. However, as at that time 
tung oil was in short supply, linseed oils were used in most of the 
experimental paints. It was found that a satisfactory emulsion with 
water could be obtained with raw and boiled linseed oils in equal pro- 
portions. One part of the mixed oils was emulsified with three parts by 
volume of water. An appreciable increase in proportion of oil above 
30 per cent by volume reduced the durability of the paint in several 
experiments, with exterior coatings, indicating that the emulsion of oil 
in water is more stable in the proportions of not more than one volume 
of oil to three volumes of water. 

(2) ComposUion of Pigment Blend 

The following pigments were available : — Lithopone, zinc oxide, 
titanium dioxide, whiting, barytes, kaolin, .silica and white portland 
cement. 

Lithopone . — The best sample of paint for exterior work found 
during the investigation contained 70 parts of lithopone in 100 parts of 
pigment blend. This pigment showed good durability and f)pacity. The 
superiority of the sample was due largely to the insolubilizer, i.e. the 
agent used for rendering the casein more resistant to weathering (see 
below). This statement, however, doe.s not detract from the good quali- 
ties of lithopone in specific proportions for this class of paint. 

Zinc oxide . — Zinc oxide in oleo-casein paint contributt‘s durability 
and hiding power; it also has a fungicidal property. 

Whiting . — Whiting is opacpie in oleo-casein paint and therefore acts 
as a true pigment and not merely as a filler, k'or this reason the whiting 
employed must be of high quality. During the 1939-45 War, stocks of 
first-grade whiting became depleted and when the problem was first 
considered it seemed necessary to use New’ Zealand whiting. The use 
of New’ Zealand whiting, however, resulted in loss of whiteness in the 
paint and, for locations w'here it w^as necessary to maintain the original 
whiteness, half of this pigment was replaced with a first-grade kaolin. 

Titanium dioxide . — In this investigation titanium dioxide has l)een 
used, blended with other pigments such as lithopone and zinc oxide, to 
produce a paint suitable for interior surfaces. 

Kaolin . — Kaolin w^as used successfully for mixing with inferior 
grades of whiting to improve the hiding property. Kaolin of high 
quality was obtained from a local source. 

Barytes . — Barytes was employed for replacing^ some of the whiting 
in order to increase the resistance to abrasive action. It also increased 
resistance to weathering. 

Silica. — h pure white quartz was used as one of the pigment in- 
gredients in the first series. It increased the durability but it lacked the 
opacity-giving quality of whiting or Kaolin. Diatomaceous earth, another 
form of silica, improves the brushing properties. 

White Portland cement . — Incorporation of white portland cement 
incr^sed the durability but lowered Ae spreading rate. After six months^ 
application the white appearance had given place to a cream tint. 
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(3) Inhibition of Sedimentation of Pigments 

Bentonite . — Asbestine is recommended in the literature for prevent- 
ing sedimentation in paints, but it was not obtainable in New Zealand. 
It was found that bentonite, a clay formed (usually) from the decom- 
position of volcanic ash and consisting of a mixture of clay minerals 
present as extremely minute flakes, had similar properties. Paints con- 
taining bentonite in the proportions of 10, 5 and 2.5 per cent of the 
pigments were compared with a control sample not containing bentonite. 
A proi^rtion of 2.5 per cent of bentonite in the pigment was found to 
be sufficient to prevent sedimentation, and the consistency of this paint 
was found to be superior to the control and also to paints containing 
the larger proportions of bentonite. 

(4) Provision of Suitable Agent for Increasing Durability 

The durability of casein paints can be increased by the addition (jf 
agents to make the casein and animal glue insoluble. Vor this purj)Ose, 
a mixture of formaldeh 3 ^de and ammonia has been used for some years. 
Sutermeister and Browne (2) reix)rt the use of chromates and the}* 
state that the ca.sein is made insoluble by the action of light. Moyd 
and Shore (3) state that oxidizing agents such as potas.sium perman- 
ganate and hydrogen peroxide, under certain conditions will remove the 
amino group from amino acids and that this is accompanied by oxidation 
of the carbon atom t<J which the carbonyl group is attache<l. in the 
present investigation it was found that oxidation of the protein could 
be effected by the addition of potassium dichromate to the vehicle in the 
proportion of 0.4 per cent by weight and that this improv(‘d the durability 
of the paint film. The use of an equivalent amount of the sodium salt 
is rec(jmmended as the price is lower; at this period it was unobtainable. 

<5) Provision oj Suitable Presenmtk^' for Prevention of Deterioration 
during Storage after Manufacture 

The preservative most commonly used in New Zealand in pro])rietary 
brands of oleo-casein paint has been phenol, f^henol has the disadvan- 
tage of a penetrating odour and if used in adequate (juantity to preser\e 
the paint in paste form the fxlour is too strong to permit of the paint 
being applied in shops, warehouses, or factories where foodstuffs are 
stored or prepared- An oleo-casein paint preserxed with phenol when 
used for the coatings of ceilings in a dwelling flat w^as found to emit a 
strong odour of phenol for six weeks after the application of the paint. 
In the investigations under consideration, trials were carried out with 
(1) phenol, (2) Lysol (3) “ Shirlan W.S.’’ (sodium salt of salicyl- 
anilide), (4) ‘‘ Chenol A” and (5) cresylic acid. Cresylic acid was the 
only preservative found to be effective in reasonable proportion, a paint 
containing one fluid ounce per gallon of vehicle being free from odour. 
During the investigation, the w^all of a butter room in a dairy factory 
has been painted while the butter was being taken from the churns and 
packed in boxes for export. With the use of either an ordinary oil paint 
or of oleo-casein paint containing phenol this procedure would have 
been inix)ossible without causing taint in the butter. Oleo-ca.sein paint 
prt‘served with cresylic acid was found to be in good condition two years 
after manufacture. 

(6) Provision of Suitable Fungicide for Prevention of Mould Growth 
on Paint after Application 

Difficulty was e>q>erienced in 1940 in obtaii^hg a wide rang€: of 
chemical compounds reported as hiving fungicidal properties. . The foir 
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lowing range of substances was tried: — (1) Mono-clilor-iso-thymol, 
(2) “ Shirlan W.S.” f sodium salt of salicyl-anilide), (3) “ Chenol A/' 
(4) sodium Irichloroplienate and (5) sodium pentachlorophenatc. 
Various proportions of fungicide were incorporated in oleo-casein paint 
prepared with linseed oil, lithopone and whiting but without preservative 
or insolubilizer, and several controls without fungicide were also i)re- 
pared. The paint samples, including the control samples without fungi- 
cide were inoculated with several species of fungus and were then 
applied to small tiles and wood blocks. The latter were kept in bell jars 
at room temperature at a high humidity. I’nder these laboratory condi- 
tions, sodium i)entachlorophenate w^as found to be the most effective 
fungicide. It inhibited mould gnnvth when present in the paint in a 
concentration of one-half ixt cent. Practical trials on a larger scale 
show^ed that this concentration of fungicide was not sufficient for situa- 
tions or conditions where infection from mould spores was considerable. 
Imrlher trials of paints containing a larger proportion of fungicide 
were then made in a dairy factory on a concrete wall subjected through- 
out the season to w^arm moist air currents from a mechanical can-w^asher. 
The surface of the wall was first marked off into two [ortions for c(jat- 
ing wdth tw'o different samples of oleo-casein i)aint, and each j)ortion w^as 
sub-divided into four panels. 1'he panels were coated with paint con- 
taining (a) no fungicide, (b) one per cent, (c) 1.5 per cent, and (d) two 
per cent of sodium pentachlorophenatc. Inspection after twelve months 
showed that two per cetit of .sodium pentachlorophenatc was nect “>.sarv 
to inhibit mould growth but that this quantity produced a cream tint. 
Mercuric chloride was then trie<l as a fungicide but it produced a brow’n 
efllorescence on the surface of the paint probably due to interaction of 
the mercuric chloride with sulphur in the casein to form mercuric 
sulphide. 


Detailed Results 

Three series of trials were made 

Series 1 and IJ . — The objectixe was to find a formula for an oleo- 
casein paint to ser\e as a general exterior traffic paint for coating road- 
side kerbs, bridge approaches, fences, lamp standards and telephone poles. 

'fhese trials included the testing of proprietary casein j)aints and methods 
for ascertaining the general suitability of oleo-casein paint for exterior 
W'ork. 

Series 111 , — A study of the suitability of oleo-casein paint for in- 
tlTior .surfaces of dairy factories. 

Series L Oleo-casein Paint for Exterior Use 

Paints wxTC made according to 25 different formuke. Twenty-four 
had the same vehicle but different pigment blends, and two of these w^ere 
treated, each with a different insolubilizing agent. The remaining paint 
of the 25 was prepared with rubber solution as the vehicle. The paints 
contained preservative to prevent deterioration in bulk, but no fungicide 
to protect the film after application. Test pHTep. ,of <lressed timber (24 in. 
by S in. ), Concrete tiles, bricks and cement asbestos-board w^ere painted 
with tw^/ coatings, and were exposed on w(X)den trestl^ to a nortb^ly 
aspect fotj two years, in the grounds of Massey Agricultural Colt^gf. 
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Test pieces of timber (Sin. by 4^ in.) and bricks were exposed in the 
milk-bottling room of Massey Agricultural College dairy factory. Five 
of the 25 paint samples were found to be of good quality. Their com- 
position is shown in Table J together with that of one unsatisfactory 
paint of particular interest (No. 19). 


Table T. Percentage Composition of Six Paints used in Series I 


Paint Sample No. 

8 

9 

10 

14 

18 

19 

Pigments (per cent.) 

65 

53 

53 

65 

59 

59 

V^icle (per cent.) 

35 

47 

47 

35 

41 

41 

Weight per gallon (Ib.) 

17 

16 

15 

15 

16 

16 

Volume of water to thin 100 part.s of paint 
paste 

20 

20 

14 

20 

20 

20 

Percentage Composition of Pigment Blende. 
Lithopone 

70 

70 


57 

70 

70 

Zinc oxide ' 



30 

45 



_ - 

Whiting i 

30 


45 

23 

30 

30 

Titanium dioxide (98-100 per cent.) i 

_ - 


10 


I 

- - 

Silica 1 


— 


20 



Percentage Coniposthon of Vehicle. 

Raw linseed oil 


10 

10 1 

10 

10 

10 

Pale boiled linseed oil ; 

— 

10 

10 , 

10 1 

10 

10 

Tung oil ; 

22 




1 

) 


Casein, solvents, glue 

6 ' 

6 

6 i 

6 

6 ; 

6 

Water 

72 j 

74 

74 , 

74 ' 

66 1 

66 

Pot. bichromate (5 per cent.) i 




- • ! 

3 1 


Formaldehyde (15 per cent.) j 

- - i 

1 

1 

“ - ! 

1 

i 

! 

1 


Paint No. 18, containing potassium dichromate as insokibilizer, 
showed excellent durability over a twelve-month period of exposure, 
and it was found to yield a film giving sati;^faclory abrasion and water- 
resistance tests. This paint has been taken as the standard reference 
paint in the New Zealand Standard Specification N.Z.S.S. JC.67 (1940). 
The condition of a number of the paint films after exposure to weather- 
ing for two years is shown in l"igs. 1-3 and in Table 11. 

Trials on Dressed Timber Panels (Fig. 1 ). — The panels with the 
best appearance were Nos. 5, 8, 9, 9x and 24. Paint film No. 8 was the 
best of those without an insolubilizing agent, as the tung oil increased 
the durability. Film No. 9 was also good and had no insolubilizing agent ; 
the use of extra vehicle in place of water for thinning the paints, as 
shown by No. 9x, did not improve the paint film. Film No. 24 was 
attractive but showed heavy chalking. Imrther work on this formula 
was abandoned owing to the unprocurability of scrap rubber. The 
appc^arance of film No. 18 was spoilt by a heavy growth of mould. 

Trials on Bricks and Concrete Tiles, — Figs. 2 and 3 show trestles 
bearing the coated bricks and concrete tiles. Superiority of the film 
No. 18 is shown distinctively by the white opaque appearance on both 
brick and tile. I^aint films Nos. 8, 9 and 24 exhibited good appearance 
and condition on both building materials, while No. 14 showed good 
appearance and condition on concrete. Seven paints^jvere thinned with 
water and also with vehicle, the latter being marked with an X. Paint 
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Table II. Results for Durability Tests of Paints (1st. Series) 
AFTER Two Years Exposure 

Exterior Exposure. Palmerston North. 


I’ypc of i 
Surface | 
l^'^intecl. 1 

1 



Results for Paint Nos. 



8 

9 

10 

14 

18 

19 

Concrete 1 
tiles 1 

! 

F air 

appearance 

and 

condition 

Ffiilure 

! 

Failure 

1 

i 

i 

i 

Good 

appearance 

and 

condition 

Slight 

chalking 

Good 

ap]>earance 
Slight 1 
chalking 
1st. 

preference 

l»oor 

appearance 

Bad 

chalking 

Erick.s 1 

! 

1 

1 

F'air [ 

condition i 
and 1 

appearance i 
Slight ! 
chalking i 

1 

1 

Fair 

condition 

and 

appearance 

Slight 

chalking 

1st, 

preference 

Failure j 

1 

Fair 

appearance 

and 

condition 

Chalking 

Fair 

condition 

and 

appearance 

Slight 

chalking 

Failure 

Cement 
asbestos ■ 
hoard 

i 

i 

Fair i 

condition ' 

* ‘ * 

Failure 

Fair ! 

condition 1 

i 

Failure 

Good 

appearance 

and 

opacity 

Slight 

chalking 

Jst. 

preference 

Failure 

W’ofKl 1 (tood 

]ianels ; apjiearance 

(dressed and 

inn her) . opacity 

' Slight 

I chalking 

1 Jst, 

i preference 

Fair 

appearance 

and 

opacity 

j 

Failure 

1 ^ 

i ' 

Failure 

A (iood 
film sjxiilt 
! with 

fungoid 

1 growth 

1 

1 

Failure 

1 

i 

i 

1 

1 


Interior ICxposurc, 

Dairy Factory, Palmerston North. 


fype of 
Surface 
Painted. 



Results for Paint Nos. 



8 

9 

10 

14 

18 

19 

Pricks 

Good 
condition 
Change 
from white 
to cream 
colour 

Excellent 

appearance 

White 

Excellent 

appearance 

^^^lite 

('«ood 
condition 
Change 
from white 
to cream 
colour 

Excellent 

appearance 

White 

colour 

FZxcellent 

appearance 

White 

colour 

Wood 

panels 

(dressed 

timljer) 

Good 
condition 
Change 
from white 
to cream 
colour 

C^ood 
condition 
Change 
from white 
to cream 
colour 

Good 

appearance 

White 

Good 
condition 
Change 
from white 
to cream 
colour 

Excellent 

appearance 

W'hite 

colour 

Good 

appearance 

Wiite 

colour 
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films Nos. 9x, lOx, llx and 17x showed a similar appearance and con- 
dition to films Nos. 9, 10, 11 and 17, while films Nos. 5x, llx, 12x and 
13x showed more signs of weathering than the films Nos. 5, 11, 12 and 
13. Although this custom of the paint trade appears to have been un- 
warranted in the past, further work on this phase of the subject has 
shown that if the vehicle contains potassium dichromate the ])r()cedure 
is advantageous. Reference has been made already to the use of another 
agent, formaldehyde, for promoting durability of the paint film; this 
ingredient was used in making paint No. 19 and proved unsuccessful 
for exterior work. It was, however, used with advantage for interior 
coatings as shown in 7'able II. 



Fk;. 1. — Paint Films from two ('oatinj^s on Dressed Wood Panels 
(Series 1, N<;s. 1-25) after Weathering for two years. 


Series II. Oleo-cascin Faint for Exterior Use 

Paints were made according to 10 dififerent formuUe. iMmr had the 
same pigment blend but different vehicle, and six had the same vehicle 
as No. 18 and potassium dichromate agent, but different pigment blends. 
All paints contained preservative and fungicide. Trials for durability 
were made by exposing test pieces, as previously, in the grounds of 
Massey Agricultural College. Test panels also were painted on the 
west wall of the rail-car shed, Wellington statioti. On the rail-car shed 
wall each panel was divided into two halves so as to observe the 
difference in hiding power between one and two coatings. Table III 
shown below gives the composition of the five best paints out of the ten 
tested in Scries IT, Nos. 31-40. 
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Ftc. 3. — Paint Films from two CoathiRs on Concrete Tiles and 
Bricks (Series 1. Nos. 1-25) after Weathering for two years. 
(Compare also Fig. 2.) 



906 


The N.Z. Journal of Science and Technology (May 


Table III. Composttion of Five Best Paints, Series II Trial, Nos. 31-40 


Paint Sample No 

35 

36 

37 

38 

39 

Pigments per cent. 

64 

64 

64 

64 

64 

Vehicle 

36 

36 

36 

36 

36 

Weight per gallon, (lb.) 

Volume of water to thin 100 parts of 

17 

18 

16 

17 

17 

paint paste 

30 

30 

.30 

20 

30 

Percentage Compontion of Pigments 






Lithopone 

45 

40 

20 

70 

70 

Zinc oxide 

20 



1 

20 

Whiting i 

30 

.30 

40 

25 


Titanium dioxide (98-100 per cent.) 

- 

10 

- 


10 

Kaolin 

— - 


40 



Barytes 

- - 

20 


5 


Portland cement (white) 

i ^ 

i 

■* 

“ 

* 



Analyses of four of these paints were made in the Dominion l.al)ora> 
tory, Wellington, and the results are shown in Table IV. 


Table IV. Analyses of the Four Best Paints of the Second I'kial, No.s. 31-40 


Paint Sample No, 

1. Coarse partide.s held on B.S No. 240 

sieve, per cent . 

2. Weight per gallon (lb.) 

3. Hiding power, checkerboard brushout 

(s,q. ft /gal.) 

4. Spread ing rate, unsealed pla.ster 

{sq, ft /gal ) 


35 

J 

38 

j 39 

0*5 

' 1 

' 0-6 1 

0-9 

: 10 

18 

: 18 1 

18*5 

: i8'2 

j 

220 

i 240 j 

200 

j 270 

150 

*190 

220 

1 200 


All the.se paints were satisfactory in respect of briishahiliiy on non- 
absorbent surfaces, brightness, resistance to dry rubbing, recoating, 
resistance to striking and keeping qualities. When applied o\'er a primed 
wood surface, the dried film of No. 35 had a iromewhat mottled appear- 
ance and was of a darker tint than the others which gave very satis- 
factory finishes on the same surface. 

It is apparent from Table V that paint No. 38 showed excellent 
durability in the exterior tests. The composition of this paint was a 
slight modification of No. 18, suh.stituling five parts of barytes for five 
parts of whiting. The paint pas.sed a te.si in the accelerated weathering 
apparatus at the Dominion Laboratory and the formula was accepted 
for the standard reference paint in the New Zealand Standard Specifica- 
tion. N.Z.S.S. E102 fl942). I’ainl No. 39 gave the be.st results in the 
interior tests and also for covering cement asbestos-board in the outdoor 
trials. 

Series JIl 

Opportunity for further confirmatory work was provided by a 
rc(iue.sl to determine the suitability of oleo^-casein paint for coating the 
interior of dairy factories and milking sheds. Two butter factories and 
one milking shed were made available. 

Factory No. 1 was coated over the whole of the interior with paint 
No. 39. Two coals were necessary to give the required finish. After 
12 months it was considered advisable to repaint a of the west 

wall which was damp from weather conditions, and also a small patch 
on the east wall that had been affected by steam. After three years the 
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Tabih V. 

Results fob 

1 Durahility Tests for Paint Nos. .35, 38, 37, 

38 and 39, 



AFTER 18 Months Exposure 




Exterior Exposure. 

Palmerston North. 


Tvjie of 


Results for Paint Nos. 


Surface 

- — 

— 

. — 


— - — ^ — 

l*ainte(l . 

35 i 

36 1 

i 

37 1 

38 1 

39 

('on Crete 

(iood 

1 

(iood 1 

Fair ' 

Fair 1 

Fair 

tiles 

appeaniTice , 

1 apjRia ranee j 

ap|x*a ranee 

appearance i 

appearance 


and 

and 1 

and 1 

and i 

and 


condition 

condition , 

condition i 

(ondition ! 

condition 



1 I 

Slight i 

Slight 1 

Slight 

1 


! ! 

j ! 

rtaking j 

flaking ! 

flaking 

Hnrks 

Voor 

1 ( iood 1 

i 

( iood ; 

Poor 


opacity 

1 appearance* . 


ap])earance \ 

opacity 


Slight 

j and ' 

I 

and j 

•flight 


[ chalking 

1 condition 

1 

condition 

chalking 

Onient I 

1 i^'air 

I'air 1 

( fOod 1 

( iood 

(iocxl 

asbest os 

npyiearance 1 

j ainieaiance I 

aji})earaiue I 

appearance i 

aji])earance 

iKKird 

and 

! and 

and 

and ! 

and 


1 condition j 

1 (ondition ; 

conclition j 

condition ! 

condition 


Slight 

Slight 





chalking i 

chalking ^ 


1 


\\ ood 1 

, J'air 

Imilure ' 

Fair | 

h'air 

h'air 

panels 

aptiearance , 


appearance 

appearance 

ap]>earance 

(dressed 

and 1 

! 

1 

and ] 

and ; 

and 

timber) 

(Olid it ion 

1 

condition i 

condition 

condition 


lixtonor Exposure. Wellington. 


pe of 

i 

Results for l^aint Nos 


Surface 

j . . - ^ 

.. - - 

- - ... 

- - 


Painted 
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REVIEW 

VOLCANIC STRATA AS A NEW MF:TH0D OF POST-GT-ACJ AL 
CHRONOLOGY IN TIERRA DEL FUEGO. 

Las Capas Colcanicas Como Nun>o Metodo Dc Cronologia Posl-Clacial eu 

Fuegopatagonia. Vaino Auer. Publication No. 6 of the Ministerio de 

Agricultura de la Nacion, Buenos Aires, Argentine, 1948. 

‘In science one must ha\e luck — hard work alone is not .sufticieiU.’ This 
•comment occurs in a 26-i)agc paper by Dr. Y. Auer in which he sums up the 
results of an investigation carried on over a period of twenty years. When 
boring for samples for the first time in the neighbourhood of the River Grande, 
three volcanic layers were found in the same swamp, one above the other ancl 
with strata of peat between them. 

These volcanic deposits represented three distinct eruptions (or rather gnuips 
-of eruptions for they were not exactly simultaneous over the Soiithem .Andean 
volcanic region) and it was eventually possible to say that they occurred more 
or less 9,000, 4,000 and 2,(KX) years ago respectively. To this extent the chiw»nolog\ 
of the eruptive strata of Fuegopatagonia is now complete. 

About 200 profiles were studied by pollen analysis, the samj)les, taken at 
.'^cm. intervals, amounting to some thousands. The t)ollen diagrains, correlaied 
with the aid of the volcanic layers, showed corresponding variations over the 
whole area and were nearly the same as tho.se from Europe, North America. 
New Zealand and Asia, indicating that South America has undergone climate 
oscillations of a world wide nature. 

The climatic fluctuations are revealed in the struggle between forest and 
‘ steppe After the glacial^ epoch the forest extended from the mountains and 
reached the coast at the Straits of Magellan, whence it retired rajudly to it.** 
l)re.sent extent. The period of advance is designated the Mclioratum (imfirove- 
ment) and that of recession the PeioniUim (deterioration). \ dr>, windy, post- 
glacial climate is followed by less wnndy and more humid conditions between 
the erujition groups I and 11, during which the forest made rapid advances. 
A short dry period beginning a little before the group 11 eruptions and ending 
a little after them is followed by a further humid period lasting well beyoiul 
the group III eruptions. A drier period with regression of the forest liring^ 
the story up to historical times. 

A photo shows the retreating forest margin. Other jihotos show varves 
and ash profiles. The limits reached (isohylochrones) by species of Nofhofagus, 
Fuchsia, Drimys and Philcsia during the three periods arc shown on a .series of 
maps. Mention is made of the famous cave of Palli Aike where were found 
human skeletons as.sociatcd with those of the primitive horse. The.se met their 
death in the ashes of the first eruptions so are apfiroximately 9000-1 0,00() years 
old and .show that rnan arrived there immediately after the glacial period. Dia- 
grams show' succession in a lake deposit culminating in a convex Sphagnum 
stage, the gradient in the rate of peat accumulation from the sea coast to the 
mountains and successional stages in the replacement of forest by ‘ steppe ’. 

Besides the uollen work, sediments were studied chemically and petrological ly. 
and shore lines of coasts and lakes are discussed. The method is synthetic in 
that the occurrence of volcanic strata provides synchronous points in the peat 
deposits while the succession revealed by pollen analyses from the peat layers 
permits of correlations with a climate-history chronology. 

Not only does the work open up new perspectives for the study of Nature 
in Argentine and Chile, but it is of importance to New Zealand science. This 
is one of the few regions in our latitude where confirmation might be sought that 
the major climate oscillations were world wide, thus permitting the application 
•of the northern chronology. 

Though the author's headquarters are at Helsinki, in Finland, the paper is 
in Spanish, and the reviewer is indebted to Dr. J. G. Gibbs, Victoria University 
College, for a translation, a copy of which may be obtained on loan. 

- W. F. HARRIS. 

29 June 1949. 
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TIMBER PRESERVATION TESTS WITH ANOBWM 
PUNCTATUM DE GEER. 

By J. M. Kelsey. Entomology Division, Department of Scientific 
and Industrial Research, Nelson 

{Uecetved for piihhcation, 17 th Mart h, 1U4H) 

Summary 

'riiis paper (lescrihes a laboratory tcchni(|iie for determininiij the exact 
thicknesses throned) whicli Anohmnt larvae can tunnel in preserved timl^er 
and then survive in untreated wood. In general, larvae would not cross glue 
lines from untreated to treated wood, but did so in the reverse direction and 
when timlxT each side of the glue line was untreated. Two preservatives 
were teste<l- - one water- and one oil-soluble s^ach at a concentration of 5 per 
cent bv weight. Results indicated that timbers treated in such a way as to 
give a preserved outer zone of up to J in. in thickness, did not constitute an 
inipa.ssable barrier to Attohium larvae under the conditions of the experi- 
ments Results indicate the danger arising from cutting or other damage 
to wood treated b\- superlicial methcxls 

Intkodtctiox 

This investigation was undertaken with a view to overcoming the 
(hfticulty of determining either visually or by chemical colour reactions 
just how far pr<‘servatives have penetrated into timber. Colour reactions 
indicate merely that a certain amount of perservative has penetrated as 
far a.s tlie coloured /one, but do not show the exact limits of penetration of 
smaller amounts of preservative to which these reactions lack sensitivity. 
It was thought, therefore, that by treating wood veneers of different 
thicknesses till they were completely penetrated, and then glueing these 
to untreated timber, it miglit be jiossible to determine (a) the exact 
thickness of preserved /one necessary to prevent A nobium larvae crossing 
from one wooden member to another, and (b) the exact thickness of 
preserved zone necessary to stop A nobium larvae, when they emerge 
from eggs laid on treated surfaces, from entering the untreated core of 
timbers treated by superlicial methods. This phase of the work was 
considered to be of utmost importance in that it would provide infor- 
mation as to the relative merits of surface as opposed to pressure treat- 
ments. 

Considerable confusion arises when overseas literature is summarised, 
since there is a wide divergence of opinions as to the necessity for setting 
uj) the costly plants necessary for pressure treatment of timber. In 
spite of numerous pa^x^rs of this nature there is not a great deal of positive 
information on the subject, but the question obviously is of sufficient 
importance to justify carrying out tests to determine whether or not it 
is possible, by incomplete penetration of preservatives, to provide an 
effective barrier against wood borer and fungus attack. 

If a preservative is not repellent to insects the wood at some time 
may become a site for oviposition by one or more of the wood destroying 
insects, and since many jireservatives must be eaten to be of any use as 
a control, the larvae emerging from such eggs may be able to penetrate 
through the zones preserved by superficial methods. It has been shown 
(1) (2) that Anobium larvae, even just after emergence from eggs, can 
tunnel through I in. and live for up to 26 weeks in timber which contains 
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an amount of preservative that would ultimately prove toxic if activities 
were restricted to the treated zone. Though these two cases involve 
water-soluble preservatives, it will be seen later in this paper that the 
same thing applies to some oil -soluble preservatives. 

Experimental 

The only timber used was sap-wood kahikatea (Podocarpus dacry^ 
divides A. Rich) as this timber is known to be readily attacked by 
Anobium. 

The timber was milled in August, 1943, and since preservative 
treatment was carried out on 25th and 26th August, 1944 it was 12 
months old at time of treatment. During this period the wood was 
kept under cover and exposed to maximum sunlight, but was sheltered 
from rain. 

The two following preservatives were used in two series : — 

Series 7, 

a. Pcntachlorophenol — 5 per cent, by weight 
Lighting kerosene-' 95 per cent, by weight. 

b. Sodium pentachlorophenate— 5 ])er cent, by weight 
Water — 95 per cent, by weight. 

Treatment : 

For pcntachlorophenol a ])reliminary 40 minute vacuum 
followed by the running in of the solution. 

For sodium pentachlorophenate a preliminary 40 minute 
vacuum followed by the running in of the solution ; the block.^ 
were then allowed to remain submerged in the liquid for from 
1J-2J hours. 

Indicators. 

To give some idea as to the extent of penetration, a 10 per cent, 
by weight solution of silver nitrate in water was used for both preser- 
vatives. The oil carrier for pentachlorophenol masked the colour 
reaction and it was not till the kerosene had to some extent evaporated 
that this test could be used. The penetration of the oil-soluble jire- 
servative was so rapid with the above treatment that no dipping period 
was necessary after running the liquid into the block compartment. 

There was a marked difference between the oil- and water-soluble 
preservatives as regards speed of penetration even with the same vacuum 
times. With a two hour dip following the vacuum pha.se of treatment 
it was still found that penetration of the water-soluble type in the largest 
blocks was incomplete, and though a 2| hour dip appeared to give the 
desired results there was still an dement of uncertainty ; it was therefore 
decided to discard all the blocks treated by this method. This decision 
was influenced too, by the deposition of pentachlorophenol crystals on the 
wood surface as the blocks dried out. 

The second series involved the same two preservatives with an 
altered formula for the pentachlorophenol as follows 

Series 77, 

a. Pentachlorophenol — 5 per cent, by weight 
Linseed oil-^ per cent, by weiglit 
Lighting kerosene — 92 per cent, by weigh^t 

b. Sodium pentachlorophenate — ^5 per centV by weight 
Water— 95 per cent, by weight. 
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Treatment. 

This consisted in each case of a dip treatment only. It was found 
that the pentachlorophenol completely penetrated the largest blocks 
within 12 hours, whereas the same size blocks required 60 hours with 
the sodium pentachlorophenate. The exact times required to pene- 
trate completely blocks of different sizes were not recorded. When 
10 per cent, silver nitrate indicated complete penetration in the largest 
blocks it was piresumed that the smaller blocks also were completely 
l>cnetrated. This was borne out by tests at the conclusion of the experi- 
ments. The 3 pier cent, of linseed oil effectively prevented surface cry- 
stallisation of pientachlorophenol, but hindered colour reactions till 
drying out had proceeded for two months. 

Anohium larvae were split from infested rirnu, matai, kahikatea, 
and sap-wood kauri, kept in petri dishes for three days to eliminate 
weak or injured larvae, and then tran.sfrered to holes drilled in kahikatea 
from the same boards as the test pieces. To avoid any difference due 
to different w'ood species, the larvae were left in these kahikatea blocks 
for four montlis. These blocks w en* then split to recover larvae for trans- 
fer to lioles drilled in the test pieces after the larvae had again been left 
for three dny^ j)rior to placement in experimental samples. 

Blocks were glued together in the form of “ sandwiches “ for larvae 
transfer tests (Type A, Mg. 1): and in the form of cubes for egg-laying 
tests (Type H, Ing. 1). 
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Fig. 1 . Diagrams showing relationship of treated to untreated area,s of blocks. 
Shaded zone — treated. 

I 'n shaded zone untreated. 


Since the object of the tests was to determine through what thickness 
of treated wood the emerging larvae could tunnel, exposed ends of the 
egg-laying samples were treated with p>aints. enamels, or sodium silicate 
to prevent oviposition on end grain. The treated surfaces were 
roughened to make crevices in which eggs could be laid. 
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Glues. 

Unpreserved glues were used for the main experiments, but a sub- 
sidiary test using a casein glue treated with copper sulphate, lime and 
sodium silicate was also carried out. Carpenters glue made from casein, 
gum arabic, horn, hooves, etc., and the dou** paste used by paperhangers, 
were found to make good .seals between treated and untreated pieces 
of timber ; the last of these proved the be.st. After glueing, the block.s 
were subjected to pressure in a bookbinders' hand-operated press until 
the glue was dry. 

Seven replications were used for each phase of the experiments, 
and the final dimensions of blocks were 2 in. by 1 in. by 1 in. for the 
“sandwiches” used in larva-transfer, and 1 in. by I in. by 1 in. for egg- 
laying tests. 

Cages were of the prell type described ])revi()usly (3) ond one block 
was placed in each. 

Drilling of holes in samples for larva-transfer tests was carried out 
prior to glueing and holes were made g in. deep in the edges of blocks 
by means of a power-driven drill. Any blocks showing broken side 
surfaces due to drilling were discarded. 

In egg-laying experiments five female and five male beetles were 
used in each cage. In larva tests 12 larvae were used in each of the 
sodium pentachlorophenate-treated blocks and their untreatetl controls, 
and 16 larvae to each f)entachlorophcnol-treated sample and their 
controls, and six in the untreated blocks using treated casein glue. 
It was found that best results were obtained by using the largest larvae 
that could enter the drill holes. If larvae were too small tiny aj)peare(l 
to have difficulty in tunnelling into the wood from the drill hole. 

Results 

Table I gives results of experiments commenced on 13th November, 
1944, with the larva transfer tests and these blocks were split up on 
15th May, 1945. Larvae were jdaced in the centre of the three layers 
in each case. 

It will be noted that even in untreated control tests the Anohium 
larvae preferred to remain in the laj^crs in which they were placed rather 
than cross the glue lines, though this was less marked when flour pastes 
was used to glue blocks. 

When larvae were placed in the untreated core with treated layers 
outside, no larvae crossed the line of glue int(; treated wood, though 
with the flour paste series some larvae had commenced to excavate 
the surface of the treated blocks. 

When larvae were placed in layers treated with sodium pentachloro- 
phenate and using protein glue, only four larvae had crossed the glue 
line, and of these only one was alive and apparently healthy ; two of 
them had pupated and transformed to almost mature adults before 
dying. Larvae surviving from those placed in pentaclilorophcnol- 
treated layers had all crossed the glue line into untreated zones, and all 
appeared to be healthy. 

The treated casein glue was effective in preventing larvae from 
passing between untreated layers, but very extensive damage was 
cau.sed to the zones in which larvae had been placed. 

Untreated layers, whether in control or presetVative tests, were 
mere shells, as larv^ie had completely destroyed these zones. 
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Tablk I. 
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It was unfortunate that tliese experiments could not have been 
carried out as planned originally, since there is no direct comparison 
between the two preservatives due to the fact that the two adhesives 
were different in each series. The protein glue was definitely inferior 
to the flour paste. 

Table II gives results of egg-laying tests using blocks of Type B where 
an untreated core was surrounded by in. thick layers of treated wood. 
Veneers were treated in July, 1944, and subjected to oviptjsition tests 
during the 1946-47 Anobiutn flight season, and examined in January, 
1948. Flour adhesive was used for all blocks. 
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Table II. 




Number of 

Number of 

Live 

Preservative. 

Block No. 

eggs laid 
on blocks. 

larvae 

tunnelling in. 

larvae 
recovered . 

Sodium 

I 

l.S 

10 

3 

pentachloro- 

2 

4 

2 

0 

phenate 

3 

0 

0 

0 
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3 
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23 

19 

2 
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7 

9 
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a 
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71 

54 
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8 

27 

14 

4 
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9 
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10 
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11 

3 

0 
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12 

29 

19 
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16 

13 
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14 

5 1 

2 

I 
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180 ! 

151 

101 


e 1 

29 1 

28 

19 


f i 

215 ! 
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The controls were blocks of untreated wood of the same dimensions 
as the treated samples. Using the same adhesive as with the treated 
blocks, it was found that over 62 per cent, of the live larvae in the con- 
trols had crossed the glue line, due possibly to the fact that the in. 
outer veneers had been completely hollowed out by the larvae. 

In the case of the treated samples the results indicated that the 
preservatives tended to reduce oviposition by Anobium, but did not 
entirely inhibit it. 

The figures given in Table II are derived from eggs actually laid 
on treated surfaces, but in addition, varying numbers of eggs had been 
laid on the paint seals over the end grain of the untreated cores. Any 
larvae tunnelling into the wood from such eggs were counted as surviving, 
and so were deducted from the total number of larvae found in central 
untreated zones. The possibility of error here is not great since a 
binocular microscope was used to determine whether or not eggs had hat- 
ched ; the blocks were then carefully split by means of a heavy knife 
and examined with the microscope. 

The paint seals did not give a smooth glossy seal to the end grain of 
blocks and this is apparently the reason for their failure to prevent 
attack by the larvae, as it was only on the rougher surfaces that eggs 
were laid. Even though paint coverage was complete on rough surfaces, 
the larvae were able to tunnel through from eggs deposited in such 
areas. 

Table III gives results of egg-laying tests with Type B blocks using 
outer treated layers J in. thick. 

Here again eggs had been laid on the paint -sealed ends of untreated 
cores, and many larvae were alive when the blocks were split up. In 
no case, however, had larvae, emerging from ^ggs laid treated surfaces, 
been able to tunnel through the full \ in. thickness timber into the 
untreated cores. Once with sodium pentachlorophenate and on two 
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occasions with pentachlorophcnol, larvae had made tunnels J in., irV in. 
and J in. long rospectiveh' before dying. However, they had not pene- 
trated as far as the glue line between treated and untreated zones. 
Nevertheless, it seems, that it is not impossible for Anobium larvae to 
penetrate through a treated zone of up to J in. thickness ; whether or not 
they could then survive in untreated wood below the treated zone is 
not indicated by the above tests. 

In untreated controls 226 larvae, or just over 5vS per cent, of those 
recovered alive had tunnelled through the glue lines. 

Conclusions 

In general it can be stated that the above “ sandwich ** technique 
for testing timber j)reservatives is effective only when flour paste is 
used as the adhesive. Results of this phase of the tests showed that 
actively feeding larvae are unlikely to enter treated timber from un- 
treated wood ; this information has a bearing on commercial treatments 
of infested buildings. An important point to bear in mind, however, 
is that mature larvae may tunnel through a treated zone for | in. or 
more without actually eating any wood ; if this is not recognised the value 
of a preservative might easily be overlooked. 

Measurements of actual tunnels beyond drill holes showed from 
larva transfer tests that Anobium larvae can tunnel for a distance of 
^ in. in timber treated with 5 percent, concentrations of both the above 
preservatives, and from egg-la 5 ang tests for a distance of | in. The larva 
tran.sfer results are significant only in so far as they show that larvae 
are able to live for a considerable time and tunnel as far as ^ in. in 
timber treated with preservatives at concentrations that will ultimately 
prove toxic ; this has a direct bearing on interpretation of results with 
preservatives used to control infestations in buildings. This transfer 
technique does not give information on treatment before timber becomes 
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infested, except that larvae would not pass from untreated wood into 
wood treated with either of the preservatives. 

The egg-laying technique gives information as to what is likely to 
occur with superficial pre-treatment of timbers, involving such processes 
as short -period dipping or surface spraying. It also provides a means of 
as.sessing the effectiveness of commercial methods for borer control. 

Dip or other treatments that give outer preserved zones of up to 
J in. in thickness will, — with the two preservatives tested here— material- 
ly reduce the chances of infestation by Anobium, but will not completely 
prevent infestation. In practice the writer thinks that it is unlikely 
that timber treated thoroughly with the above two preservatives will 
be attacked by Anobium, at least within about five years of treatment, 
since it must be remembered that in these laboratory tests the beetles 
were confined in small cages with single blocks, and with nowhere else 
to deposit eggs. This, of course, w^ould not arise under normal com- 
mercial applications. Nevertheless, eggs w^ere laid on blocks treated 
with both water- and oil-soluble preserv’atives, and even though only 
three larvae out of a total of 202 tliat entered tlie treated w'ood tunnelled 
for distances exceeding ^ in., the fact remains that once the surface 
zone of treatefl wT)od is broken by even one or two emerging adult beetles, 
this will permit access by way of these exit holes, to the untreat(‘d 
w^ood beneath. 

It w^as obvious that the twH) ])reservatives or residual effects of the 
solvents, exercised a certain degree of repellancy so far as ovi])osition 
w^as concerned. The tests did not, however, reveal wetlier this re- 
pellancy was due to volatile or contact effects ; if it was due to the 
former the que.stion of permanence of the preservatives arises, sinct* 
volatility means that either the carriers or preservati\'f‘s themselves are 
losing something to the surrounding atmosphere. 

A further point brought out by the egg-laying trials was that eggs 
were laid on the paint seals covering untreated wH)od, and larvae w'ere 
able to tunnel through the paint and sur\'ive in the timber beneath. 
This point illustrates the danger arising wdien timber is i)retreated by 
dipping, spraying or other methods that give a superficial zone of pre- 
.served wood. If, after treatment, such timber has its surface broken in 
any way, such as by sawing, nailing or laT)ping of joints, the untreated 
wood in the centre woidd be exposed. There would then be nothing 
to prevent oviposition on such areas ; indeed it is usually found that 
angles, joins and end grains are preferred by such wood -boring insects. 
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NOTE ON THE COLORIMETRIC DETERMINATION OF 
ZINC IN PLANT MATERIAL 

By J. Watson, Cawthnm Institute, Nelson, New Zealand 
(Reicivt'd for publication, Slh September, 19-19) 

Summary 

The method of Cholak, Hubbard and Hurkey (1) for the colorimetric 
estimation of zinc in tilanl material has !)cen tested on samples of a|)ple 
leaves. The method with certain minor modification.s, has jiivcn results 
which agree closely with determinations made by the polarographic method 
of zinc estimation 

In view of possible zinc deficiencies occurring on certain orchard soils 
in the Nelson district the determination of the zinc content of ajiple 
leax'es and other plant samples was undertaken. 

The colorimetric method described by C‘holak, Hubbard, and Hurkey 
( 1 ) leased on the red colour produced by zinc and di-beta-naphthyl- 
thiocarbazone was examined with a view to its adoption for zinc 
estimations at the C'awthron Institute. 

Chloroform solutions of di-beta-naphthyl-thiocarbazone extract a 
number rif metals and therefore all except zinc must be prevented from 
forming coloured complexes. The addition of sodium di-ethyl dithio- 
carbamate to the a(|ueous phase prevents the formation of a number of 
these complexes without afiVeting the extraction of the zinc. Of the 
metals which react with carbamate, copper, nickel, cobalt, and bismuth 
when present in large amounts ), give chloroform-soluble coloured com- 
pK‘xes which affect the final estimation unless they are removed. The 
carbamate complexes of nickel, cobalt and copper, are in.soluble in 0.2 n 
hydrochloric acid and therefore they remain in the chloroform phase 
when the latter is treated with weak acid. The bismuth carbamate may 
enter the acid phase, particularly when large amounts of bismuth are 
jiresent. When less than l(K),ug. of bi.smuth are present a coloured 
chlorofurm-solublt‘ carbamate complex is not formed. 

Since the final colorimetric estimation of zinc is carried out by 
adding sulficienl ammonia to the acid phase and re-extracting with di- 
heta-naphthyl-thiocarbazone interference by the small amounts of bis- 
muth, wdiich may have been carried along with the zinc, is inhibited by 
the addition of more carbamate at this |K)int. 

The main difficulty encountered in the estimation was the introduction 
of zinc from outside sources. All glassware had to be boiled in dilute 
nitric acid, and wooden stands w’^ere used to hold the separatory funnels. 

Kkai;ents for the Estimation of Zinc 

Zinc-free, distilled water. 

Zinc-free, ammonium hydroxide. 

Zinc free, hydrochloric acid. 

Forty per cent ammonium citrate solution. 

Carbamate solution. 

I)i-beta-naphthvl-thiocarbazone. 

The reagents were purified by the metho<ls and used at the concen- 
trations recommended by Cholak, Hubbard and Burkey ( 1 ) except for 
the di-beta-naphthyl-thiocarbazone, which was used at half their con- 
centration and was made up daily by dissolving 25 mg, in 250 ml. of 
chloroform. 
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Method of Estimating Zinc in Apple Leaves 

From 0.5 - l.Og. of dried finely ground sample was weighed into an 
8 in by 1 in. pyrex test-tube ; two or three small pieces of zinc-free 
quartz pebble were added, then 5 ml. of a mixture of sulphuric and 
perchloric acids. (This consists of 1 ml. of 60 per cent perchloric acid, 
1 ml. concentrated sulphuric acid and 3 ml. zinc-free water.) One milli- 
litre of nitric acid was then added and the open tube placed on a diges- 
tion rack over a small flame. The mixture was heated gently until 
boiling, then a further millilitre of nitric acid was added slowly. When 
the digestion was proceeding quietly the burners were turned up. More 
nitric acid was added when the digest began to blacken and give oflf 
white fumes. After the digest was clear, heating was continued for 
another 15 minutes, the volume then being about 1 ml. When cool, the 
digest was transferred to a 150 ml. .separatory funnel ; to this was added 
30 ml. of 20 per cent ammonium citrate solution and four drops of 0.1 
per cent aqueous thymal blue followed by zinc-free ammonium hydroxifle 
(sp. gr. 0.9) until pH 9.5 was reached. 

h'our millilitres of carbamate solution were added and sufficient zinc- 
free water to make up to 100 ml.; the solution was then shaken for one 
minute with 10 ml. of the di -beta-naphthyl -thiocarbazone reagent. The 
chloroform layer was drained into a second funnel ; a further 5 ml. of 
the reagent were added and the solution again shaken. This portion, 
which should retain its original blue-green colour, was drained into the 
second funnel. If it .shows any red coloration too much zinc is present 
and an aliquot of the digested sample must be taken. The combined 
chloroform extracts were washed with 50 ml. of zinc- free water and 
drained into another funnel. Any reagent entrained in the aqueous pha.se 
was removed by shaking it with one or two millilitres of chloroform 
which were added to the wa.shed chloroform phase. The chloroform 
solution was then .shaken with 50 ml. of 0.2 n hydrochloric acid and the 
chloroform layer was run int(j a residue bottle. Entrained reagent was 
removed from the acid by shaking with chloroform. 

In another .separatory funnel 45 ml. of ammonium hydroxide (50 ml. 
of sp. gr. 0.9 ammonium hydroxide diluted to 1,000 ml. with zinc-free 
water) and 1ml. of carbamate were shaken with 5 ml. of di-beta- 
naphthyl-thiocarbazone reagent. The reagent extract was discarded and 
the ammonium hydroxide solution was washed once with 5 ml. of chloro- 
form which was discarded. This solution was added to the 0.2n hydro- 
chloric acid extract. Any chloroform kept in was drained off before 
shaking for one minute with 10 ml. of the reagent. 

For the estimation, 2.5 ml. of the chloroform layer were diluted to 
25 ml. with pure chloroform. The red colour was measured in a Lovi- 
bond Tintometer using a one inch cell. 

To obtain a standard graph, known amounts of a standard zinc 
sulphate solution were added to 50 ml. of 0.2n hydrodiloric acid; 45 ml. 
of treated ammonium hydroxide were then added and the solution 
shaken for one minute with 10 ml. of the reagent. 2.5 ml. of the chloro- 
form layer were diluted to 25 ml. with chloroform, ^nd the red units 
read in the Tintometer. An almost straight line grapir was obtained for 
amounts of zinc ranging from 10-40 /ig. 
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The results obtained bv the above method agreed favourably with 
those obtained by the Dominion Laboratory, Wellington, using the 
polarograph, as can be seen in Table I. 


Tabi.e I. Zinc Content or Apple Leaves 


Lai). No. 

Colorimetric Method 
(p.p.m.) 

Polarograph Method 
(p.p.m.) 

2149 

21.4 

21.2 

2153 

28 

31 

21.57 

18 

19 

2161 

16 

15 

2178 

21 

i 22 

2179 

23 

19 

2264 

! 24 

1 20 


Discussion 

Three minor modifications have been introduced into the method 
outlined by Cholak, Hubbard and Burkey (1) for the colorimetric 
estimation of zinc. These modifications are as follows: — 

( 1) The plant samples for zinc determinations were subjected solely 
lo wet digestion with sulphuric and perchloric acids and not to the com- 
bination of wet digestion and ashing recommended bv Cholak, Hubbard 
and Burkey. 

(2) The di-beta-naphthyl-thiocarbazone reagent was made up fresh 
daily, using only one half of the concentration recommended by the 
authors of the original paper. This nrocedure was adopted iK^ause 
refrigeration was not available for the storage of the reagent. 

(3) For the final estimation of zinc, 2.5 ml. of the extract wwe 
diluted to 25 ml, instead of the 5 ml. to 100 ml. specified in the original 
paper. 

With the adoption of these modifications, the method gave results 
which agreed closely w ith those obtained by the polarographic method 
for zinc determination. 

Experience in the use of the method for the colorimetric estimation 
of zinc showed the great importance of removing casual sources of zinc 
contamination. Not only must all reagents be carefully purified but 
special care must be taken to use glassware which is free from zinc. 

It w^as found necessary to grind plant samples in a porcelain mortar 
or in a handmill free from zinc in its construction. 

Another point of importance in securing accurate zinc determinations 
is the pH value of the solution prior to the initial extraction with the 
di-beta-naphthyl-thiocarbazone reagent. The pH of the solution must 
be 9.5 or the zinc will not be extracted into the chlorofonn layer. For 
the complete extraction of zinc by the dilute hydrochloric acid from the 
chloroform phase it is important to shake for at least one minute. 
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REVIEW 

IONOSPHERE RADIO PROPAGATION 

V.S. National Bureau of Standards Circular 462. Obtainable from 
Superintendent of Documents. Price, 1$. 

This book provides a wel] balanced treatment of the factors involved in radio- 
'w^ave propagation A large section is devoted to the calculation of held strengths, 
lowest required radiated power, noise, etc., giving one an excellent perspective of 
their significance as compared with the more commonh' treated frequency jrredictions. 
Nothing has been sacrificed however in the treatment of the latter. The structure 
of the ionosphere, its long and short term variations are discussed in a clear and well 
illustrated manner. One is gently, if rapidly, introduced into electromagnetic wave 
theor>’ in the second chapter but on the whole the text makes easy reading. The 
various nomograjihs and diagrams arc very clear and can be readil\' interjircted with 
the exception of some examples of ionosphere records Avhich leave much to he desired. 
One gains the impression that the quality of the paper, the type, and the subject treat- 
ment, are worthy of something more than a flimsy cardboard binding. 


REVIEW: 

Natural Philosophy through the Eighteenth Century, and Mlied Topics. 
(Commemoration Number to mark the 150th Anniversary of the 
foundation of the Philo.sophical Magazine.) Taylor and Francis Idd., 
18 Red I-ion Court, London, E.C.4. 1^48. Pj). vii-hlb4. 15s. 

The Philosophical Magazine has existed as an independent journal since 
1798, and its contributors include many of the most illustrious names in 
the history of the physical sciences. The present number, commemorating 
its 150th anniversary, contain.s a .short hi.story of the magazine itself, 
followed by article.s on the eighteenth century development of the following 
subjects: — Astronomy, Physics, Chemistry, Mathematics, Engineering and 
Invention, Scientific Instruments, The Scientific Periodical, Scientific 
Societies, and Teaching of the Physical Sciences, each written by a different 
authority. It i.s readable by anyone interested in the history of ‘Natural 
Philosophy,’ and enlivened here and there by personal detail.'? which re- 
flect the romantic aspects of many scientific developments in the eighteenth 
century, the ‘heroic age’ of the physical .sciences. To quote from Boswell, 
“Chymistry was always an interesting pursuit with Dr. Johnson. WhiLst 
he was in Wiltshire he attended some experiments that were made by a 
physician at Salisbury, on the new kinds of air. In the course of the 
experiments frequent mention being made of Dr. Prie.stley, Dr. Johnson 
knit his brows, and in a stern manner enquired, ‘Why do we hear so much 
of Dr. Priestley?’ He was very properly answered, ‘Sir, because we are 
indebted to him for these impcirtaiit discoveries.’ On this Dr. Johnson 
appeared well content; and replied, ‘Well, well, 1 believe we are; and let 
every man have the honour he has merited’. 

It is more practicable to pay such honour to individuals of the small band 
of scientific heroes of those times than it is to the army of scientific workers 
today. Many of them liad but little education and could command only the 
crudest facilities for scientific experiment. Professor P^artington quotes 
Hoefer’s remark on Scheele, ‘avee de petites ressources, il fit de grandes 
choses,’ and this could apply to many of the scientists and engineers of 
the century. 

Apart from the personal aspects, the number gives a compact and read- 
able account of the development of scientific thought and discovery during 
the period; the ancillary subjects, engineering and instruments, educational 
methods, periodicals and societies, form a valuable background which is 
often not given in scientific histOTies. It can be recomtiiended for the 
library of any natural philosopher. 


‘ W, M. J. 
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A METHOD FOR THE ANALYSIS OF MIXTURES 
OF INORGANIC SULPHUR COMPOUNDS 

By J. L. Mangan, Plant (Chemistry Laboratory, Department of 
Scientific and Industrial Research, Palmerston North 

(Received for publication^ 21st March, 19 4S) 

Summary 

1. A method is* described for the separation and estimation, in mixtures, ol 
ditinonate, polythionate. sulphate, thiosulphate, sulphite and sulphide in one 
aliquot of a solution. 

2. 'I'he method depends on the properties of the lead salts, and the solubilities 
of lead thiosulphate, sulphate and sulphite have been detennmed in .solutions 
of ammonium acetate at concentrations 0-5 M. The effects of change in pH 
and temperature have also been ob.served. 

3 'file method has been applied to plant extracts and has been founcl satis- 
factory although the accuracy of results is of a lower degree than that obtained 
in pure solutions 


I XTROOrCTION 

In tlic literature*, methods recorded for the analysis ot mixtures of 
inorganic sulphur compounds are cumbersome, and make use of a number 
of aliquots in which specific reactions are carried out for each component 
(1) (2), There is no attempt made in any method to separate the com- 
pounds, and the methods apply only to pure solutions and are not 
reliable for plant extracts. 

In work on the storage of dehydrated vegetables (3) (4), it was 
found that the loss of sulphur dioxide on storage was due not onl}' to 
direct oxidation to sulphate, but also to some more complicated process 
in which intermediates, unstable in hot dilute acid solution, were formed. 
To investigate this further, a method for the estimation of inorganic 
sulphur compounds in vegetable extracts became desirable. The method 
described below uses only one sample of the solution, and upon this can 
be carried out estimations of dithionate, polythionate (includes tri-, 
tetra- and penta- thionates), thiosulphate, sulphate, sulphite and sul- 
phide. I'he method depends on the solubilities of the lead salts, and the 
above compounds can be separated into four groups. 

(iroup 1 consists of dithionate and the higher polythionates 
since their lead salts are freely soluble in water and aqueous 
alcohol. 

Group II consists of lead sulphate and thiosulphate which, 
although slightly soluble in water, are quite insoluble in 65 per 
cent. V/V dcohol-water. 

Group III consists of lead sulphite, which is insoluble in w^ater 
and aqueous alcohol but soluble in sodium hydroxide solution. 

Group IV consists of lead sulphide which is insoluble in sodium 
hydroxide solution. 

Group II is separated from Groups III and IV by its pre- 
ferential solubility in ammonium acetate solution, lead sulphate 
and thiosulphate being very soluble, while lead sulphite is only 
slightly soluble and lead sulphide insoluble. 
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The groups thus separated are analysed for their components. In 
group I polythionate is determined in the presence of dithionate by its 
oxidation to sulphate under alkaline conditions. After determination 
of the sulphate formed, dithionate, which is quite stable to oxidation 
is hydrolysed by the reaction 

acid 

H,S,Oe 4 HgO HgSO^ + H^SOg 

and the sulphur dioxide determined by the Monier- Williams method (5) 
for sulphite. In group II thiosulphate is determined by titration with 
iodine, and sulphate then determined by the barium chloride method. 
Sulphite in group III is estimated by iodine titration. Sulphide in 
group IV is oxidized to sulphur by excess standard iodine in acid solu- 
tion, and the excess iodine remaining is determined by thiosulphate 
titration. 

No information was to be found in the literature on the solubility 
of lead thiosulphate and lead sulphite in ammonium acetate solutions, 
and little on the solubility of lead sulphate. The first step in the in- 
vestigation was therefore a determination of their solubilities, taking 
into consideration factors likely to assist in the separation of the groups. 

Solubilities of Lead Thiosulphate. Sulphite and Sulphate in 

Ammonium Acetate Solutions of Different Concentrations 

Lead thiosulphate : 

A large quantity of lead thiosulphate was precipitated and centri- 
fuged, The supernatant liquid was poured off and the solid suspended 
in water and centrifuged again. This washing was repeated. The 
thiosulphate was obtained as a hardpacked damp solid. Ammonium 
acetate solutions at pH 6.0 were made to concentrations 0.5, 1.0, 1.5, 
2, 3, 4 and 5 molar. 

In 20 ml. of each of the ammonium acetate solutions in centrifuge 
tubes an excess of the damp lead thiosulphate was suspended. After 
being stoppered and thoroughly .shaken, the tubes were centrifuged, the 
supernatant solution discarded and the tubes well drained. The washed 
lead thiosulphate samples were then suspended again in their appropriate 
ammonium acetate solutions and kept in the thermostat at 20'’c. for 2 to 
3 hours with shaking. The suspended solid was allowed to settle and the 
saturated .solution filtered rapidly. Five millilitre samples were taken, 
diluted to about 50 ml., and after acidifying to pH 5 with hydrochloric 
acid, were titrated with 0.02n. iodine using starch indicator. The 
figures were corrected for a blank titration. 

Lead Sulphite : 

The solubility of lead sulphite in ammonium apetate solutions of 
different concentrations was determined as for thiosulphate. In this 
case to prevent oxidation 5 per cent, sucrose was added to the ammonium 
acetate solutions. This was necessary since any sulphate formed would 
dissolve in the ammonium acetate and depress the .solubility of the lead 
sidphite. The lead sulphite was precipitated and washed thoroughly 
with 5 per cent, sucrose solution, and finally washed with the appropriate 
ammonium acetate solutions before the solubility was (^termined. Five 
ml. of the solution saturated with lead sulphite was titrated with 0.02 n. 
iodine at pH 5 as for thiosulphate. 
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Lead Sulphate : 

Pure dry lead sulphate was suspended in solutions of ammonium ace- 
tate of different concentrations and the suspension kept in the thermostat 
at 20°c. for 3 to 4 hours with shaking. The solutions were allowed to 
settle, filtered rapidly and 10 ml. aliquots taken. Excess concentrated 
sulphuric acid was added and the acetic acid boiled off. After cooling, 
sufficient water was added to give a solution containing 20 per cent, 
sulphuric acid. The lead sulphate w^as filtered on to a prepared Gooch 
crucible, washed with 20 per cent, sulphuric acid saturated with lead 
sulphate and finally with 70 per cent, aqueous alcohol, dried at 110®c. 
and weighed. A check was made by extracting the lead sulphate from 
the crucible with hot ammonium acetate solution and reweighing. 
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Conctntration cf Ammonium Acetate • moies/ litre. 


Fig. 1 
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Table I, Solubility of Lead Thiosulphate, Sulphite and Sulphate 
IN Ammonium Acetate Solutions at 20®c. 


Ammon iuni Acetate 
moles/litre. 


0.5 

1.0 

1.5 

2.0 

3.0 

4.0 

5.0 


Solubility PbS 203 
millimoles/litre 

3.86 

8.00 

13.24 
19.98 
34 . 12 
54 .00 

80.24 


Solubility PbSC^., 
millimoles/litre. 

1.80 
1.20 
1.40 
1.40 
1 .40 
1 .00 
1 .60 


Solubility PbS 04 
inilliinoles/litre. 

10.75 

25.33 

45.25 

69.15 

128.0 

257.7 

385 


The solubilities of the three compunds are given in Table I, and for 
convenience plotted on a common scale against the concentration of 
ammonium acetate in Fig. 1. It is seen that the solubility of the thi(»- 
sulphate and the sulphate increases very rapidly with increasing con- 
centration, but that the solubility of the sulphite is practically unchanged. 


The Effect of pH on Solubility of the Lead Salts 
IN Ammonium Acetate Solutions 

Molar solutions of ammonium acetate at different pH values were 
prepared as follows : 50 ml. portions of 2n. acetic acid were titrated 

with .880 ammonia solution to approximately the required pH. The 
solution was then made to 100 ml. with water and the pH accurately 
determined with the glass electrode. The solubilities of lead thio- 
sulphate and sulphite were determined in these solutions as describ('d 
previously. The solubilities are tabulated in Tabic II. 


Table II Effect of pH on Solubility in Molar Ammonium Acetate at 20'*c. 


pH, 1 

j PbS 203 : miUimoles/litre. 

1 

j pH 

PbSO,, : iHillimoles/litrc. 

4.58 

3.26 

4.8 

i 1.04 

4.88 

4.64 

5.1 

0.86 

5.26 

6.20 

5.6 

0.72 

5.87 

7.92 

5.9 

0.56 

6.80 

8.84 

6.1 

0.44 

8.60 

13.10 

7.9 

i 0.36 

8.98 

11.86 

9.0 

! 0.74 

9.17 1 

8.32 




10.76 j 

1 


9.35 j 

1 



It is seen from Fig. 2 below that although the solubility of lead sul- 
phite decreases to a minimum in the pH range 6 to 8, that of lead thio- 
sulphate rises in a smooth curve to approximately pH 6.5 to 7.0, but 
beyond this point, which coincides with the breakdown of the buffering 
effect of ammonium acetate, the figures arc high but very irregular. A 
pH beyond 7 would be undesirable, however, because of liability to 
oxidation of the sulphite, and in practice a solution of pH 6.0 to 6.5 
was used. No points were obtained in the dotted portion of the lead 
sulphite graph due to the very rapid changes in pH tit the ammonium 
acetate in this region. 



Solubility : millimoles y/itrc 
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The Effect of Temperature on Solubility 
The solubilities in molar ammonium acetate at pH 6 were determined, 
as before, at various temperatures. The results are shown in Table 
III. A rise in temperature produces a very marked increase in the 
solubility of lead thiosulphate, but only slightly affects that of the 
sulphite. 

Table III. Effect of Temperature on Solubility 

IN Molar Ammonium Acetate at pH 6.0 


Temp. (®c.) 

PbSgOa : miliimoles/litre. 

Temp. (°c.) 

PbSOa • millimoles/Utre. 

0 

5.60 

0 

1,20 

19 

8.40 

15 

1.35 

42 

13.80 

42 

1,70 

56 

18.20 

56 

1.40 
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The above results show that by suitably choosing the concentration, 
pH, and temperature of the ammonium acetate solution, there should 
be little difficulty in effecting a separation of lead sulphite from the 
sulphate and thiosulphate. 

The solubility of lead sulphite, although relatively low% is too high 
when small amounts of sulphite are to be determined, but it is possible 
by the addition of 0.5 per cent, lead acetate to the ammonium acetate 
solution, to reduce the solubility of the sulphite to zero without retarding 
seriously the solubility of the sulphate and thiosulphate. 

Although the solubility data indicated that the method would present 
no difficulties, a number of problems had to be overcome. Thus when 
the concentration of sulphur compounds was low, the lead salts remained 
in the colloidal state and could not be precipitated, thus necessitating 
the use of an inert carrier. A carrier was also helpful when the pre- 
cipitate was small and thus difficult to handle. The use of phosphate 
gave a flocculcnt, easily handled precipitate, but it was found that this 
prevented comj)lete extraction of thiosulphate and sulphate with am- 
monium acetate. The use of citrate with the phosphate gave a good 
carrier, the lead citrate being soluble and the lead phosphate insoluble in 
ammonium acetate solution. By suitably adjusting the proportion of 
citrate to pliosjdiate, complete separation of the two groups could be ob- 
tained, but this aj^plicd only to that particular solution and did not apply 
to others. The deciding factor was the ratio of total lead salts soluble 
to the total amount insoluble in the ammonium acetate. Thus even if 
no carrier were used, a quantitative separation of thiosuli)hate and sul- 
phite was ])ossible only if the relative amount of sulphite was small, and 
when the j)roportion of sulphite was increa.sed, less and less thiosulphate 
was extracted. For consistent results it was essential to use a carrier 
soluble in ammonium acetate. Citrate and tartrate, however, were 
unsuitable since the solubility of lead sulphite was considerably increased 
in their presence. Lead cJiloride was found to b(’ the most suitable 
carrier. The use of a carrier soluble in ammonium acetate has the added 
advantage that the concentration of lead ions required to decrease the 
solubility uf lead .sulphite is automatically assured. The u.se of such a 
carrier, however, meant that sulphite and sulphide had to be handled as 
a small precipitate, but since this then seemed to be in a flocculent state, 
no difficulty was experienced in handling amounts of sulphite as small 
as 0.02 milliequivs in 50 ml. 

Reagents 

Lead Acetate: 

20 g. pure lead acetate is dissolved in 65 ml. water with warming, 
and the volume made to 200 ml. with alcohol. 

Ammonium Acetate: 

286 ml. glacial acetic acid are diluted with about an equal volume 
of water and .880 ammonia added dropwise from a dropping funnel 
until the pH is approximately 6. Bromthymol blue can be used as 
indicator and ammonia added until a green colour is obtained. If excess 
ammonia is added the excess may be boiled off. The solution is made 
up to 1 litre and is approximately 5 molar. 

Benzidine Reagent : 

1.6 g, benzidine is added to 20 ml. of n.HCI andiv45 ml. of water 
added. The solution is warmed to dissolve the benzidine and the 
volume then made up to 200 ml. with alcohol. 
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Procedure 

An aliquot of the approximately neutral solution to be analysed is 
pipetted into a suitably sized centrifuge tube, and two volumes of alcohol 
added. 0 . 5 ml. of 10 per cent, sodium chloride solution is added and the 
solution thoroughly mixed. An excess of the lead acetate reagent is 
added and the tubes centrifuged at 2,000 r.p.m. for 15 minutes. A drop 
of lead acetate reagent is added to verify that precipitation is com})lete. 
The supernatant solution is carefully poured off and the solid suspended 
again in aqueous alcohol (2 vols. aclohol to I vol. water) using a glass rod 
with rubber policemen in order to obtain a smooth suspension free from 
lumps. The tubes are spun again and the washings added to the first 
supernatant to make up group I. 

The insoluble lead salts are then suspended in 10 ml. of ammonium 
acetate reagent, and diluted to about 50 ml. with distilled water con- 
taining 5 i)er cent, sucrose or glycerol to prevent oxidation of sulphite. 
2 or 3 drops of iso-butyl alcohol are add(‘d to prevent troublesome surface 
effects, and the tubes centrifuged. Commercial wetting agents should 
not be used as they often interfere with the starch-iodine end point and 
some also contain sulphate. The su])ernatant liquid is poured off, the 
residue suspended in glycerol-water and centrifuged as before, iso-butyl 
alcohol again being used to prevent loss of solids on the surface. The 
ammonium acetate extract and washings make up group II. 

The insoluble residue is suspended in 1 .0 ml. of 10 per cent, sodium 
hydroxide solution and diluted to about 50 ml. with glycerol -water. 
If no sulphide is present this is group 111. If sulphide is present the 
tubes are spun, the residue washed, and washings added to group III. 
The insoluble residue is group IV. 

Group 7. 

In addition t(» dithionatc and polythionate the solution contains a 
large excess of lead which must be removed. Bromthjmiol blue in- 
dicator is added and a suspension of sodium bicarbonate in water is 
slowly added with stirring until the solution becomes blue-green. The 
precipitated lead carbonate is filtered off and washed with aqueous 
alcohol. To the solution thus obtained an excess of pure sodium peroxide 
(0.5 g.) is added and the mixture placed in a waterbath at 80^c. for 15 
minutes or longer. To decompose any peroxide remaining after oxi- 
dation is complete, 5 drops of 1 per cent, cobalt acetate is added and the 
solution gently boiled for a few minutes until all signs of peroxide decom- 
position cease. The solution is then cooled in ice-water and concentrated 
hydrochloric acid added until just acid to bromphenol blue. The pH 
should be near 2.8 which gives minimum solubility of benzidine sulphate. 
Benzidine reagent is now added slowly with stirring from a burette in 
1 ml. portions at 2 to 3 minute interv^s until the required amount has 
been added. The addition of 10 ml. of reagent has been found satis- 
factory for quantities of polythionate sulphur in the range 0.25 mg.- 
1 .75 mg. in about 70 ml. The solution is then left in ice and water for 
15 minutes and filtered through a prepared Gooch crucible. After 
washing with aqueous alcohol the benzidine sulphate and asbestos is 
suspended in about 100 ml. water. Phenol red indicator is added and 
the titration carried out near the boiling point with 0.02.N sodium 
hydroxide. Near the end point the solution is boiled for a few moments 
before completing the titration. 

ml. 0.02n. NaOH x 0.32 = mg. polythionate S. 
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J'he filtrate and washings from the above benzidine precipitation are 
made alkaline with sodium hydroxide and the alcohol distilled off. 
The aqueous solution is then washed with 200 ml. water into a 500 ml. 
three-necked flask, fitted with a dropping funnel, an inlet tube for 
carbon dioxide and a reflux condenser fitted at the top with a down tube 
dipping into 3 per cent, hydrogen peroxide, as required in the Monier- 
Williams method for determination of sulphur dioxide (6). A stream of 
carbon dioxide is passed through the flask and the contents brought to the 
boil. After all air is removed from the apparatus, 35 ml. concentrated 
hydrochloric acid, sp. gr. 1.17, (cf. Monier- Williams) are added through 
the dropping funnel without admitting air, and the refluxing continued 
for one hour. The water is then turned off and the condenser allowed to 
warm up, but the apparatus is disconnected just before steam enters the 
peroxide. The sulphuric acid formed in the peroxide is then titrated to 
bromphenol blue with ().02n. sodium hydroxide. A blank determination 
must be carried out. As the end point is not very sharj) with 0.02n. 
sodium hydroxide, the indicator is added to the stock peroxide solution 
for uniformity, and titration is carried out to a matclied end point. 

Recoveries of dithionate and higher ])olythionate (as tetrathionate) 
are given in Table IV. 


Table IV. Kecoverv of Dithionate and Poi.ythionate. 


Dithionate. (mg. HgSgOg) 

Added. Recovered. 

Polythionate. (mg. S) 
Added . Recovered . 

5.05 

5.00, 5.25 

0.32 1 

0.27,0.31 

10.10 

10.06, 10.10 

0.65 

0.60, 0.63 

5.00 

5.15 

0.97 

0.98 

20.5 

20.6, 20.1 

1.29 

1.27, 1.32 

48.7 

49.3, 48.7 

1.62 j 

] .64 


Group II. 

The ammonium acetate extract has a i)H of 6. Lead salts do not 
affect the titration of thiosulidiate, but the pH is of importance in the 
presence of ammonium salts. Above pH 5 the titre has been found to 
increase slowly up to pH 6,5 and then to increase very rapidly. 

The pH of the ammonium acetate extract is brought below 5 by the 
addition of 10 ml. 20 per cent. V/V hydrochloric acid, starch indicator 
is added and the solution titrated with 0.02n. iodine. 

ml. 0.02n. Iodine x 2.28 = mg. HgSjOg 

A series of determinations showed that sulphate could be estimated 
with sufficient accuracy in the presence of ammonium acetate and lead 
salts. To the solution after titration of the thiosulphate, 5 ml. concen- 
trated hydrochloric acid is added and excess of 2J per cent, barium 
chloride added dropwise in the cold. The solution is set aside for one 
hour and the precipitate then filtered onto a weighed Gooch crucible, 
washed thoroughly with hot water, ignited in electric furnace at 600®c., 
and weighed. If lead chloride should precipitate when the concentrated 
hydrochloric acid is added the solution may be diluted and warmed to 
dissolve it, but precipitation of the barium sulphate should be carried 
out at room temperature. 

Group III, 

The alkaline extract is diluted to about 75 ml. with water containing 
sucrose of glycerol, and dil. hydrochloric acid added with swirling until 
acid to bromphenol blue. Starch indicator is addej^ and the solution 
titrated with 0.02n. iodine. 

ml. 0.02n. iodine x 0.82 = mg. HjSOg 
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Group IV, 

The black sulphide will be readily visible if present. In the work on 
sulphur dioxide there was little interest in sulphide, which could not 
exist in the presence of sulphite except in traces, but it was included for 
the sake of completeness. No mixtures were analysed for sulphide, but 
the results exiiressed in Table V. were obtained on sulphide samples 
which were put through the whole separation procedure. To the final 
precipitate of lead sulphide, finely suspended in a little water, 10 ml. of 
0.02n. iodine were added, followed by 10 ml. 20 per cent, v/v liydro- 
chloric acid. After reaction for a few minutes the mixture was diluted 
and back-titrated with 0.02n. thiosulphate. 


Tahi.k V. Kkcoveriks ok Sulphide 


Sulphide present, (mg H 2 S) 

Sulphide recovered (lUK- 1^2^) 

0.31 

0.34 

0.61 

0.67 

1,07 

1 .05 

1.21 

1.19 

1.52 

1.48 


Analysis of Mi.xtures 

Table VI gives the results of a number of analyses of synthetic mix- 
tures. A single solution containing all of the mentioned compounds 
could not be used because of chemical reaction, and the mixtures below 
are examples of .stable combinations of standardized solutions. 

Application to Plant Extracts 

It was expected that application of the method to plant extracts 
would pre.sent difficulties due to (1 ) reaction of sulphur compounds such as 
sulphite with the plant material, (2) interference with iodine titrations 
by plant materials and (3) interference with the group separation during 
ammonium acetate extraction. The second difficulty of necessity would 
have to be overcome by the use of a blank determination, and it was 
found that iodine-reducing plant materials were present in the ammonium 
acetate extract. The errors however were small and could be reduced 
to a very small figure by addition of potassium iodide before titration 
with iodine. 

Reaction of sulphur dioxide with plant materials causing low re- 
coveries had been experienced before (3), and true recoveries can only be 
obtained by adding sulphite to the plant material, performing a blank ” 
determination on this material and then carrying out the true recovery 
of a standard sulphite addition. The same procedure was used in the 
case of thiosulphate. 

To test the group separation in plant materials a number of recoveries 
of mixtures of sulphite and thiosulphate were carried out. Some 
figures are presented in Table VII. 
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Table VII. IIecoveries on Plant Materials 


Sample. 

Thiosulphate. 

Added . K ecovered . 

Sufiihite. 

Added. Recovered. 

Potato extract (1) 

Nil 

Nil 1 

1 4.48 

4.39 

» M (2) 

5.03 

4.80 

Nil 

Nil 

(3) 

5.03 

4.62 

4.48 

4.69 

Cabbage extract (1) 

5.03 

4.65 

4.21 

4.45 

.. .. (2) 

Nil 

Nil 

5.15 

4.95 

.. (3) 

5.03 

J 

4.88 

Nil 

J Nil 

Carrot extract (1) 

Nil 

^ 

1 Nil 

4.65 

4.68 

(2) 

1 

5.03 

4.80 

Nil 

j Nil 

1 


These figures show that, as was expected, the accuracy of the method 
falls when it is applied to plant materials. Neverthele.ss use has been 
made of the method on plant materials with .satisfactory results. 


Discrssiox 

The method of analysis described above is systematic in that the 
components of a mixture are separated into groups in which the original 
compounds are unchanged. In the groups where more than one com- 
})ound is present, the chemical properties are sufficiently different to 
prohibit interference in the quantitative determination of any one 
compound. Thus no errors are introduced through addition or sub- 
traction of iodine titres on aliqu(»ts of a solution which have been sub- 
iected to a number of treatments. Although the method was intended 
to be used on plant materials it is felt that the method could be used 
with modification.s in other fields. Thus in linie-.sulphur spray solutions 
thiosulphate and sulphate can be determined readily, and the poly- 
sulphide forms a brown lead poly.sulphide wdiich decomposes readily 
into .sulphur and sulphide. This has not been investigated, but may 
be of use in the anah-sis of lime sulphur .solutions. 
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A NOTE ON THE ADSORPTION OF QUININE FROM 
FLUORIMETRIC STANDARD SOLUTIONS 

By L. H. Bird, Wheat Research Institute, Christchurch. 

(Received for publication, 6th October, 1^47) 

During the course of determination of thiamine in flours and wheats, the 
photoelectric fluorimeter used was of the twin cell balanced circuit type. This 
required the use of a stable fluorescinR solution in one test tube to serve 
as a standard and also as a means of selectiufs: for unilorniity of readin(;>:s the 
test tubes in which the unknown solutions would be compared against this 
standard. Quinine sulphate .solutions were clu>sen for both purposes, and 
this paper describes procedures which were found to be necessary if serious 
errors associated with the use of quinine were to b? avoided. 

In an attempt to select test tubes for uniformity, a series was graded in 
accordance with the reading.s the tc.st lubc.s gave when filled with a standard 
quinine sulphate solution. Later, when the grading was rechecked, (Consider- 
able changes in the relative platings of the test tubes were observed. In 
addition, it was noticed that readings for some tubes tended to fall 
with time, towards a stable value ancl that this ])roccss was hastened by 
stirring of the solution. 

Examination of the tubes giving the greatest variation showed that 
the surface of some had been etched and others had a slight cloudy film 
which resisted normal washing. These observations suggested that the dis- 
crepancies might be due to adsorption to varying degrees of (luinine on 
the tubes. This would lower the concentration of the (juinine in the solu- 
tion and consequently the intensity of fluorescence. Variation in the degree 
of adsorption was also found when .some metliylene blue .solution was used 
in place of the quinine sulfthate. 



Fig. L — Influence of absorption on fluorescence of quinine sulphate solution.. 
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With thiochrome solutions no evidence of adsorption could be detected, 
but the instability of thiochrome towards ultra-violet ruled out the use of 
' this substance for the required standardization of the test tubes or as a 
reference standard. 

It was considered that elimination of the problem attached to the use of 
the quinine sulphate as a matching solution in such tubes might be attempted 
in two ways: (a) by saturating the adsorptive capacity of the tubes with 
quinine so that no decrease due to adsorption would occur in the fluorescence 
of the matching solutions, and (b) by rendering the tubes non-adsorptive. 

An attempt to saturate the adsorptive capacity of the tubes with quinine 
was made by using 10 ml. samples of a solution containing ^A^g./ml. quinine 
sulphate in .In sulphuric acid in the tubes. After taking readings in the 
fluorimeter against a stable solution containing iMg./ml. quinine sulphate in 
.In. sulphuric acid, these solutions were subjected to repeated stirrings (each 
of 10 see. duration) by mean.s of a glass rod mounted in an electric laboratory 
stirrer, until no further drop in fluorescence was ob.served. After stability 
had been reached these solutions were discarded and the tubes refilled with 
fresh solution. Readings were again taken l)efore and after stirring, typical 
results being given in Fig. 1. 

The results obtained showed that the tubes had been successfully 
stabilized by .saturation with quinine and also that the drop in fluorescence 
of the quinine sulphate solutions in the adsorptive tubes was appreciable 
even over the short interval of time which elapsed prior to taking the 
initial readings. 

On the results obtained with the stabilized tubes, several sets of tubes 
giving closely similar readings were selected and finally checked with 
portions of a thiochrome solution. The efficiency of the .saturation treat- 
ment in enabling the .selection of tubes with uniform characteristics 
is shown by the following readings obtained with thiochrome solutions 
in one set of twelve tubes: — 


Tube No. 

Fluorimeter 

reading 

Tube No. 

Fluorimeter 

reading. 

1 

.447 

7 

.446 

2 

.446 

8 

.448 

3 

.446 

9 

.447 

4 

.447 

10 

.447 

5 

,447 

11 

.446 

6 

.448 

12 

.446 


While a selected set of tubes would continue to give good agreement with 
thiochrome solutions, it was found that after repeated use they would de- 
velop strong adsorption towards quinine sulphate, thus making any subse- 
quent recheck with this material useless unless the tubes were again 
stabilized. 

Work was carried out later in an endeavour to find a treatment which 
would render the tubes non-adsorptive. It was found that if a 30 per cent, 
solution of sodium hydroxide was maintained at t)oiling point for approxi- 
mately one minute in highly adsorptive test tubes, these would, after wash- 
ing and drying, show' no further adsorption of either quinine sulphate or 
methylene blue. 

A set of tubes from a batch known to be strongly adsorptive was treated 
with hot alkali and after washing and drying was checked with quinine 
sulidiate solution. The results given below for two typical tubes show 
that the treatment was effective: 

Tube. Initial reading. After stirring. 

C .503 ,504 

D .500 .500 

Since the completion of the above investigation, a new consipmient of 
test tubes has been checked and found to have negligible adsorption. 
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